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INTRODUCTION 

Th i s  i s  t h e  second q u a r t e r l y  update  f o r  1 9 7 8  i n  t h e  Heat 
P i p e  Technology B ib l iog raph ic  series. 

The major p o r t i o n  of t h i s  q u a r t e r ' s  a c t i v i t y  has  been 
i n  t h e  a r e a  of  h e a t  p i p e  a p p l i c a t i o n s  f o r  h e a t  recovery  
and solar  energy re la ted s y s t e m s .  There a l s o  c o n t i n u e s  
t o  be c o n s i d e r a b l e  a c t i v i t y  i n  h e a t  p i p e  a p p l i c a t i o n s  f o r  
t h e  ae rospace  i n d u s t r y .  
t i o n s  i n  t h e  a r e a  of h e a t  p ipe  t e s t i n g  and o p e r a t i o n  
are  also cited i n  t h i s  update .  

An i n c r e a s e d  number of p u b l i c a -  

A l i b r a r y  c o n t a i n i n g  some of t h e  a r t i c l e s  and p u b l i c a t i o n s  
r e f e r e n c e d  i n  t h i s  b i b l i o g r a p h i c  series h a s  been e s t a b l i s h e d  
and t h e  Center  w i l l ,  on a cos t - recovery  basis, a i d  r e a d e r s  
t o  o b t a i n  c o p i e s  of  any c i t e d  m a t e r i a l .  
s i d e r a b l e  e f f o r t  has been made t o  i n s u r e  t h a t  t h e  b i b l i o g -  
raphy i s  complete ,  r e a d e r s  a r e  encouraged t o  b r i n g  any 
omiss ions  t o  t h e  a t t e n t i o n  of t h i s  Center .  

Although a con- 

Dar ry l  L .  Noreen 
Ed i to r  
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GUIDE TO USE OF T H I S  PUBLICATION 

A number of f e a t u r e s  have been i n c o r p o r a t e d  t o  h e l p  t h e  reader u s e  
this document. They c o n s i s t  o f :  

-- A TABLE OF CONTENTS l i s t i n g  g e n e r a l  c a t e g o r i e s  of s u b j e c t  c o n t e n t  
More s p e c i f i c  coverage  by s u b j e c t  t i t l e / k e y w o r d  and 

. 
and indexes .  
a u t h o r  i s  a v a i l a b l e  through t h e  a p p r o p r i a t e  index .  

-- CITATION NUMBERS a s s i g n e d  t o  e a c h  r e f e r e n c e .  Thes'e numbers, w i t h  . 0. ..- 
the p r e f i x  omitted, are used i n s t e a d  o f  page numbers t o  i d e n t i f y  
r e f e r e n c e s  i n  t h e  v a r i o u s  indexes:  They are  a l s o  used  a s  TAC 
i d e n t i f i e r  numbers when d e a l i n g  w i t h  document orders: so p l e a s e  u s e  
the e n t i r e  ( p r e f i x  i n c l u d e d )  c i t a t i o n  number when co r re spond ing  
w i t h  TAC r e g a r d i n g  a r e fe rence .  An open ended numbering sys tem 
f a c i l i t a t e s  easy  i n c o r p o r a t i o n  o f  subsequent  upda te s  i n t o  t h e  o r g a n i -  
z a t i o n  of t h e  material. I n  t h i s  sys tem,  numbers a s s i g n e d  t o  new 
c i t a t i o n s  i n  each  ca t egory  w i l l  follow d i r e c t l y  the  l a s t  a s s i g n e d  
numbers i n  t h e  p r e v i o u s  p u b l i c a t i o n .  The c i t a t i o n  number of t h e  
l a s t  r e f e r e n c e  on each  page appea r s  on t h e  upper  r igh t -hand i o r n e r  
of that page t o  f ac i l i t a t e  quick  l o c a t i o n  o f  a s p e c i f i c  term. 

- ' - -  A XEFERXNCE FORMAT c o n t a i n i n g  t h e  TAC c i t a t i o n  number, t i t l e  o f  
r e f e r e n c e ,  a u t h o r ,  c o r p o r a t e  a f f i l i a t i o n ,  reference s o a r c e ,  c o n t r a c t  
or g r a n t  number, abstract and keywords. The r e f e r e n c e  source  t e l l s ,  
t o  t h e  b e s t  of  our knowledge, w h e r e  t h e  r e f e r e n c e  came from. If 
f r o m  a p e r i o d i c a l ,  t h e  r e f e r e n c e  s o u r c e  c o n t a i n s  t h e  p e r i o d i c a l ' s  
t i t l e ,  volume number, page number and date.  If for  a r s p o r t ,  t h e  
r e f e r e n c e  s o u r c e  c o n t a i n s  the  r e p o r t  number a s s i g n e d  by t h e  i s s u i n g  
agency ,  number o f  pages and d a t e .  

..- -- An INDEX O F  AUTHORS a l p h a b e t i z e d  by a u t h o r ' s  l a s t  name. A r e f e r e n c e T p  
a u t h o r  is fo l lowed by t h e  r e f e r e n c e ' s  c i t a t i o n  number. 
a u t h o r s ,  each  a u t h o r  is l i s t e d  i n  t h e  index .  

For  m u l t i p l e  - 

-- An INDEX O F  PERMUTED TITLES/KEYWORDS a f f o r d s  a c c e s s  through major  
words i n  t h e  t i t l e  and through an a s s i g n e d  set  of keywords for each 
c i t a t i o n .  A r e f e r e n c e ' s  t i t l e  is  fo l lowed by t h e  r e f e r e n c e ' s  c i t a -  
t i o n  number. I n  t h e  indexes ,  a l l  t he  words p e r t a i n i n g  t o  a refer- 
e n c e  are permuted a l p h a b e t i c a l l y .  Thus,  t h e  c i t a t i o n  number f o r  a 
r e f e r e n c e  appea r s  a s  many t i m e s  as t h e r e  a r e  major t i t l e  words o r  
keywords f o r  t h a t  r e f e r e n c e .  The permuted words run  down t h s  c e n t e r  
of an index  page. The r e s t  of t h e  t i t l e  o r  keywords appea r  a d j a c e n t  
t o  a permuted word. S i n c e  a t i t l e  or set  of keywords i s  a l lowed 
o n l y  one l i n e  p e r  permuted word t h e  beg inn ing ,  t h e  end ,  o r  both 
ends  of a t i t l e  o r  set of keywords may be c u t  o f f :  o r ,  i f  space  
p e r m i t s ,  it w i l l  be cont inued  a t  t h e  o p p o s i t e  side of t h e  page u n t i l  
it r u n s  back i n t o  i t s e l f .  
o f  keywords wh i l e  a / i n d i c a t e s  where a t i t l e  o r  se t  of  keywords 
h a s  been c u t  o f f  w i t h i n  a l i n e .  

- 
. 

A i# i f i d i c a t e s  t h e  end of  a t i t l e  o r  set  
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I ,  GENERAL INFORMATIONj REVIEWS, AND SURVEYS 

HP78 1 0 0 0 6  HEAT PIPES 

Duminil, M.M., ( I n s t .  F r .  F r o i d  Ind. Ec .  Cent. A r t s  Mfg., 
P a r i s ,  F r a n c e ) ,  R e v .  Gen. F r o i d . ,  V 68:119-132, 1 9 7 7  

N o  abstract a v a i l a b l e  
.. (APPLICATIONS, REVIEW, THEORY) 

HP78 1 0 0 0 7  HEAT PIPE APPLICATIONS WORKSHOP 

Ranken, W.A., (Los A l a m o s  S c i e n t i f i c  Lab., Los  A l a m o s ,  N M ) ,  
Conf. Proc., O c t .  20-21, 1977, LA-7229-C 
A v a i l  : TAC 

The proceedings  of the Heat P ipe  A p p l i c a t i o n s  Workshop, 
h e l d  a t  t h e  L o s  A l a m o s  S c i e n t i f i c  Labora tory ,  are r e p o r t e d .  
T h i s  workshop, which brought t o g e t h e r  r e p r e s e n t a t i v e s  o f  t h e  
Department of Energy and of a dozen i n d u s t r i a l  o r g a n i z a t i o n s  
a c t i v e l y  engaged i n  t h e  development and market ing o f  h e a t  
p i p e  equipment, was convened f o r  t h e  purpose of  d e f i n i n g  
ways of  a c c e l e r a t i n g  t h e  development and market ing of  h e a t  
p i p e  technology.  Recommendations from t h e  t h r e e  s tudy  
groups formed by t h e  p a r t i c i p a n t s  a r e  p re sen ted .  These d e a l  
w i t h  such s u b j e c t s  a s :  ( 1 ) t h e  problem encountered  i n  
o b t a i n i n g  suppor t  f o r  t h e  development of  broadly  a p p l i c a b l e  
t e c h n o l o g i e s ,  ( 2 )  t h e  need fo r  a p p l i c a t i o n s  s t u d i e s ,  ( 3 )  t h e  
e s t a b l i s h m e n t  o f  a heat pipe technology center o f  excel lence,  
[ b ! t h e  role the Department of  Energy might t a k e  wi th  r ega rd  
to h e a t  p i p e  development and a p p l i c a t i o n ,  and ( 5 ) c o o r d i n a t i o n  
of h e a t  p i p e  i n d u s t r y  e f f o r t s  t o  r a i s e  t h e  g e n e r a l  l e v e l  of 
unders tanding  and acceptance of  h e a t  p ipe  s o l u t i o n s  t o  heat  
c o n t r o l  and t r a n s f e r  problems. 

(APPLICATIONS, CONFERENCE, COORDINATION OF EXPERTISE, SUPPORT 
FOR HEAT P I P E  TECHNOLOGY) 

HP78 10008 HEAT PIPES: V o l h e  3 ,  March 1 9 7 7 ,  CITATIONS FROM 
THE NTIS DATA BASE 

Reed, W.E., Ed., NTISearch, NTIS/PS-77/0275/6ENS, Search 
p e r i o d  covered  March 1 9  76-March 1 9  7 7 ,  P u b l .  by N a t  1 Tech. 
I n f .  Service,  S p r i n g f i e l d ,  VA, May 1 9 7 7  

h e a t  p i p e s  are p r e s e n t e d  i n  t h e s e  f e d e r a l l y  sponsored 
r e s e a r c h  r e p o r t s .  App l i ca t ions  a r e  desc r ibed  i n  t h e  areas 
of h e a t i n g  and a i r  cond i t ion ing ,  power g e n e r a t i o n ,  
e l e c t r o n i c s  coo l ing ,  s p a c e c r a f t ,  nuc lea r  r e a c t o r s ,  c o o l i n g  

Theory, d e s i g n ,  f a b r i c a t i o n ,  t e s t i n g ,  and o p e r a t i o n  of 
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engines,  and thermodynamics. This  updated.  b ib l iog raphy  I 

c o n t a i n s  8 7  a b s t r a c t s ,  a l l  of which a r e  new e n t r i e s  t o  t h e  
p rev ious  e d i t i o n ,  and covers t h e  p e r i o d  March 1 9 7 6  through 
March 1 9 7 7 .  

(OVERVIEW, THERMODYNAMICS) 

I 
I 
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20004 

I I ,  HEAT PIPE APPLICATIONS 
11. A. GENERAL APPLICATIONS 

HP78 20002 STIMULATED ELECTRONIC RAMAN SCATTERING I N  CS 
VAPOUR, A SIMPLE TUNABLE LASER SYSTEM FOR THE 
2.7 t o  3.5 MICRON R E G I O N  I 

Cot t e r ,  D . ,  Hanna, D.C., (Southampton Univ., Southampton, 
England) , 
1977, Research suppor ted  by t h e  Paul  Ins t rument  Fund and 
Sc ience  Research Counc i l ,  A78-12440 

vapors prov ides  a s imple method of ex tend ing  t h e  t u n i n g  
ranges of pu l sed  dye l a s e r s  w e l l  i n t o  t h e  i n f r a r e d  reg ion .  
The s p e c i a l  advantages of t h i s  t echn ique ,  i n  comparison w i t h  
o t h e r  t y p e s  of t u n a b l e  i n f r a r e d  lasers,  are d i scussed  and 
are i l l u s t r a t e d  by d e s c r i b i n g  a SERS system, which uses  a 
modest n i t r o g e n  laser-pumped dye laser (about  20 kw). Th i s  
produces i n f r a r e d  r a d i a t i o n  t u n a b l e  from 2 . 6 7  t o  3.47 
microns by SERS i n  cesium vapor ,  w n i c n  i s  con ta ined  i n  a 
h e a t  p i p e  oven. 
p e r c e n t  are obta ined .  The h e a t  p i p e  oven des ign ,  system 
o p e r a t i o n ,  and op t imiza t ion  of exper imenta l  parameters  are 
described i n  d e t a i l .  

O p t i c a l  and Quantum E l e c t r o n i c s ,  V 9:590'518, Nov. 

S t i m u l a t e d . e l e c t r o n i c  raman s c a t t e r i n g  (SERS) i n  atomic 

Photon conversion e f f i c i e n c i e s  of up t o  50 

(CESIUM VAPOR, PULSED-DYE LASER, TUNING RANGE) 

HP78 20003 MATERIAL SELECTION CONSIDERATIONS FOR FLUORIDE 
THERMAL ENERGY STORAGE CONTAINMENT I N  A SODIUM 
HEAT PIPE ENVIRONMENT 

Jacobson, .  D.L., (Univ. of Arizona, Tempe, A Z )  , 34 p.  , F i n a l  
Rept. June 1-Auq. 1976, Prepared i n  coope ra t ion  wi th  Arizona 
S t a t e  Univ., Tempe, A Z ,  1977 

T h i s  c o n t r a c t  involved a l i t e r a t u r e  survey t o  determine 
t h e  s t a t e - o f - t h e - a r t  of mater ia l s  i n  a high-temperature  N a  
and  vacuum environment as a p p l i e d  t o  thermal  energy s t o r a g e .  
I t  w a s  found t h a t  l i t t l e  informat ion  e x i s t s  f o r  materials o r  
h e a t  p i p e s  i n  t h e  high-temperature ( 1 4 0 0  K) N a  o r  vacuum 
environments .  
tests on cand ida te  mater ia ls  and N a  h e a t  p i p e s  wi th  pos t -  
test c o r r o s i o n  ana lyses .  
de te rmined  expe r imen ta l ly  f o r  a c c u r a t e  h e a t  p ipe  des ign .  

(LIFE-TESTS, FLUORIDES, SODIUM, WICKS) 

Program recommendations are t o  perform l i f e  

Na wicking parameter  must be  

HP78 20004 HEAT PIPES GAIN USE I N  HEAT TRANSFER 

P a r k e r ,  J . D . ,  (Oklahoma S t a t e  Univ., S t i l l w a t e r ,  O K ) ,  O i l  Gas 
J . ,  V 75:89-92, N37, 4 r e f s ,  Sept .  5 ,  1 9 7 7  

p i p e l i n i n g ,  a i r  p rehea t ing ,  and chemical p rocess ing  o p e r a t i o n  
o p e r a t i o n s .  More t h a n  1 0 0 , 0 0 0  h e a t  p i p e s  w e r e  u s e d  t o  
p r e v e n t  p i l e - suppor t  s e t t l emen t  on t h e  Alyeska p i p e l i n e .  

This a r t i c l e  fea tures  t h e  use =f hest pipes C- -  L W L  
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Without t h e  use  of any e x t e r n a l  energy sources ,  a f r o z e n  
zone of so i l  a d j a c e n t  t o  t h e  p i p e  suppor t  i s  main ta ined  by 
withdrawing h e a t  from t h e  s o i l  th rough h e a t  p i p e s  d u r i n g  t h e  
w i n t e r .  
t h e  cold w i n t e r  a i r  t h e  h e a t  removed from t h e  s o i l  

Finned aluminum r a d i a t o r s  are  used t o . d i s s i p a t e  t o  

sur rounding  t h e  p i l i n g .  
o u t l i n e d .  

Basic p r i n c i p l e s  of h e a t  p i p e s  are 

(ALYESKA PIPELINE, FINNED ALUMINUM RADIATORS, PILE-SUPPORT 
* SETTLEMENT) 

'. 
HP78 2 0 0 0 5  CHEMILUMINESCENCE FROM MIXTURES O F  Ba+C02 AND 

Ba+CO 

W e s t ,  J . B . ,  Poland, H.M., ( N B S ,  Washington, D . C . ) ,  
NBS-2773155, Pub. i n  J. Chem. Phys., V 66:2139-2141, N5, 
March 1, 1977, F i n a l  Rept.,  PB-271 633/0SL 

t h e  r e a c t i o n  of Ba+C02 and Ba+CO i n  a h e a t  p ipe .  Extending 
from 500 t o  1150 nm, the spectrum of  t h i s  flame e x h i b i t s  
several prominent peaks.  The e m i t t i n g  s p e c i e s  has  n o t  been 
i d e n t i f i e d ,  however, evidence favors a polyatomic molecule.  

Broad banded chemiluminescence h a s  been d e t e c t e d  from 

(Ba+CO, Ba+C02, WORKING F L U I D S )  

HP78 20006 CAVITATION, Pa r t  1, CAVITATION FLOW, V o l u m e  2 ,  

Adams,  G.H. ,  (NTIS, S p r i n g f i e l d ,  VA) , NTIS/PS-77/0241/8SL, 
137 p . ,  R e p t .  for 1974-March 1977, supersedes  NTIS/PS-76/ 
0164, and N T I S ~ P S - ~ ~ ~ ~ Y ~  

c a v i t a t i n g  flow. A w i d e  range of  t h e o r e t i c a l ,  a n a l y t i c a l ,  
and exper imenta l  in format ion  i s  p r e s e n t e d ,  i n v o l v i n g  
mathematical  a n a l y s i s ,  computer prcgrams, and t e s t i n g .  
Top ics  i n c l u d e  marine eng inee r ing ,  hydrodynamic and 
aerodynamic c o n f i g u r a t i o n s ,  symmetric and non-axisymnetr ical  
shapes ,  and measuring technoloqy. Data are given on s u r f a c e  
p i e r c i n g  s t r u t s ,  h e l i c a l  i n d u c e r s ,  pumps, l i qu id -me ta l  
s y s t e m ,  and Ven tu r i  tubes.  I A p p l i c a t i o n s  inc lude  dam 

1974-1977, ( A  Bibl iography w i t h  Abstracts) - 

The b i b l i o g r a p h y  i n c l u d e s  r e p o r t s  on g e n e r a l  a s p e c t s  of 

o u t l e t s  and s p i l l w a y s ,  v e r t i c a l  c o n d u i t s ,  deep rock  d r i l l i n g ,  
heat p i p e  s t a b i l i t y ,  water e n t r y ,  and l i q u i d  c ryogenic  
systems.  Discuss ions  a r e  made of  f l o w  c h a r a c t e r i s t i c s ,  n o i s e ,  
n u c l e a t e  b o i l i n g ,  p e r t u r b a t i o n  problems, and a l l i e d  subjects. 
C a v i t a t i o n  re la ted t o  t u r b i n e s ,  p r o p e l l e r s ,  rudde r s ,  
c av i t i e s ,  and h y d r o f o i l s  i s  n o t  inc luded .  These t o p i c s ,  and 
mater ia ls  on c a v i t a t i o n  co r ros ion  and e r o s i o n ,  are covered 
i n  o t h e r  associated b i b l i o g r a p h i e s .  (Th i s  updated 
b i b l i o g r a p h y  c o n t a i n s  132 a b s t r a c t s ,  60  of which are new 
e n t r i e s  t o  t h e  p rev ious  e d i t i o n . )  

4 
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11. B. ENERGY CONVERSION 

HP 21007 APPLICATION O F  CHEMICAL ENGINEERING TO LARGE SCALE 
SOLAR ENERGY 

Chubb, T.A., Nemecek, J.J.,  Simmons, D.E. ,  (Nav. R e s .  Lab., 
E.O. Hulbur t  Cent. fo r  Space R e s . ,  Washington, D.C.)  , Shar ing  

I n t .  S o l a r  Energy SOC., Am. Sect.,  and Solar Energy SOC. of  
Canada, I n c . ,  Winnipeg, Manitoba, Canada, V 7:364-374, 4 . refs ,  
Aug. 15-20, 1 9 7 6 ,  Pub l .  by I n t .  Solar Energy SOC., Am. 
S e c t i o n ,  Cape Canavera l ,  FL 

I n  t h e  Solchem concept ,  s u n l i g h t  i s  conver ted  t o  
chemical  energy  i n  d isbursed  solar  fu rnaces .  Products  are 
p iped  t o  a c e n t r a l  s t a t i o n ,  where energy i s  s t o r e d  as hea t -  
o f - fus ion .  H e a t  p i p e  b o i l e r s  provide  on-demand power p l a n t  
steam. 

' t h e  S u n :  S o l a r  Tech. i n  t h e  S e v e n t i e s ,  J o i n t ' C o n f .  of t h e  

(BOILERS, HEAT-OF-FUSION, SOLAR FURNACE, SOLCHEM) 

HP78 21008 FRGDUCTION OF R E F I N E D  INTERMEDIATE FUELS WITH 
HIGH-TEMPERATURE REACTORS 

Nowacki, P . J . ,  ( I n t .  Atomic Energy Agency, Vienna, A u s t r i a ) ,  
I n t .  Conf. on Nuclear  Power and i t s  f u e l  c y c l e s ,  Sa l zburg ,  
A u s t r i a ,  May 2 ,  1977, 20 p . ,  FIN CONF-770505-174, Also avai l .  
i n  French 
A v a i l :  I n  Microf iche o n l y  

Power p l a n t s  can be d iv ided  i n t o  conven t iona l  steam 

h y d r o e l e c t r i c  p l a n t s  and n u c l e a r  p l a n t s ,  t h e i r  c h i e f  use w a s  
or  i s  t h e  product ion  of e l e c t r i c  energy;  and i n  c e r t a i n  c a s e s  
o n l y ,  of product ion  of  process  hea t ,  u s ing  steam 3r ho t  water 
fo r  p rocess  h e a t  i n  i n d u s t r y  and d i s t r i c t  h e a t i n g  f o r  
r e s i d e n t i a l  and commercial purposes .  The p a r t  played by 
e l e c t r i c i t y  i n  t h e  whole energy demand i s  of t h e  o r d e r  of 1 0  
t o  25 p e r c e n t  t h e  t o t a l  demand; t h e  rest i s  necessary  f o r  
supp ly ing  p rocess  heat  below 2 0 0  C or above 200  C ,  ap t o  
some 1500 C.  Manmade f u e l s ,  whether i n  a gaseous o r  l i q u i d  
phase ,  c o n t a i n  hydrogen, and 'one can b e l i e v e ,  t h e  world i s  
e n t e r i n g  a new energy  c i v i l i z a t i o n  i n  u t i l - i z i n g  hydrogen and 
i t s  compounds as  second energy vector. T h e  a u t h o r  has taken  
up t h e  t a s k  t o  i n v e s t i g a t e  t h i s  new problem of  p r o c e s s ,  h e a t  
i n  t h e  form of  hydrogen and i t s  compounds, by e v a l u a t i n g  
t h e i r  p r e s e n t  and f u t u r e  product ion ,  based on t h e  u t i l i z a t i o n  
of n a t u r a l  gas  , o i l ,  c o a l ,  w a t e r ,  and t h e  n u c l e a r  h e a t  of 
hel ium, a v a i l a b l e  i n  a c losed  c i r c u i t  a s  primary c o o l a n t  i n  
a high-temperature  helium-cooled r e a c t o r .  The paper  d e a l s  
i n  more d e t a i l  w i th  t h e  fo l lowing  a p p l i c a t i o n  of n u c l e a r  
h e a t :  h y d r o g a s i f i c a t i o n ,  d i r e c t  r e d c c t i o n  of o r e ,  mainly 

hydrocracking ,  long d i s t a n c e  t r a n s f e r  of process  h e a t  
(chemica l  h e a t  p i p e ) ,  hydrogenation o f  coal,  Fischer-Tropsch 
s y n t h e s i s ,  oxosyn thes i s ,  coa l  g a s i f i c a t i o n ,  coal 

plznts,  f l G e l = d  wi th  hard c=)=L, l i g G t e ,  l i q u i d  fuel ;  

4 n w m c  3 ,mm~rr ;  3 c ~ r n t h n c ;  c rnathz,nnl c ~ r n t h a c ;  c 
A L V I I  U A I U L I U I I A U  4zA&+**Ld** A L L b C I I U I I v &  -1 A A C . ~ & - Y A -  
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l i q u e f a c t i o n ,  w a t e r  s p l i t t i n g  ( t h e r m o l y s i s )  and e l e c t r o l y s i s .  I 
The various chemical r e a c t i o n s  are d i scussed .  
geographica l  d i s t r i b u t i o n  of v a r i o u s  k inds  of p r o c e s s  h e a t  I 

are b r i e f l y  d i scussed .  

Economic and 

I 
(CHEMICAL HEAT-PIPE, PROCESS HEAT) 

HP78 21009 THERMAL ENERGY TRANSFORMER 

Berdahl ,  C.M., T h i e l e ,  C.L. ,  (NASA, Pasadena O f f i c e ,  Pasadena, 
C A ) ,  Pa t en t  A p p l i c a t i o n ,  NASA-CASE-NPO-14058-1, PAT-APPL-824- 
024, 13 p . ,  1977, N77-30606/5SL 
Avai1:NTIS 

A thermal  energy t r ans fo rmer  i s  d e s c r i b e d  f o r  u s e  i n  
combination wi th  a h e a t  engine.  
receiver, having a first w a l l  d e f i n i n g  t h e r e i n  a r a d i a t i o n  
a b s o r p t i o n  c a v i t y  f o r  conve r t ing  s o l a r  f l u x  t o  thermal  
energy  c h a r a c t e r i z e d  by a f i r s t  w a l l  d e f i n i n g  a r a d i a t i o n  
a b s o r p t i o n  c a v i t y  having a s o l a r  f l u x  energy a p e r t u r e ,  and a 
second w a l l  d e f i n i n g  an energy t r a n s f e r  w a l l  f o r  t h e  h e a t  
eng ine ,  and a h e a t  p i p e  chamber i n t e r p o s e d  between t h e  f i r s t  
and second w a l l s  having a working f l u i d  d i spose6  w i t h i n  t h e  
chamber and a wick l i n i n g  t h e  chamber f o r  conduct ing  t h e  
working f l u i d  from t h e  second w a l l  t o  t h e  first w a l l ,  
whereby thermal  energy i s  t r a n s f e r r e d  from t h e  r a d i a t i o n  
a b s o r p t i o n  c a v i t y  t o  t h e  h e a t  engine .  

(HEAT E N G I N E ,  HEAT PIPE CHAMBER, SOLAR RADIATION) 

. 

I t  comprises a f l u x  

11. C. ENERGY CONSERVATION, SOLAhNUCLEAR,  AND OTHER 
ENERGY SYSTEMS 

HP78 22025 HEAT EXCHANGERS 

Anonymous, Eng. Mater. Des.,, V 21:23-28, N10, O c t .  1977 
P r i n c i p l e s  o f  h e a t  t r a n s f e r  of  pool  b o i l i n g  and 

convective b o i l i n g  as a p p l i e d  i n  t h e  des ign  of i n d i r e c t  
exchangers ,  d i r e c t  exchangers ,  a i r - c o o l e d  exchangers ,  and 
h e a t  p i p e s  are d i s c u s s e d .  

(CONVECTIVE B O I L I N G ,  POOL B O I L I N G )  

HP78 2 2 0 2 6  THERMAL ENERGY TRANSFOWI'R 

Berdah l ,  C . M . ,  T h i e l e ,  C.L., ( N A S A ,  Pasadena O f f i c e ,  Pasadena, 
CA) ,  atef fit ~ p ~ l i e a t i a n ,  ~~~SA-2ASE-NPe-i4058-II PAT-APPL-~Z~- 
024, 13 p . ,  1977, N77-30616/5SL 
Avai1:NTIS 

6 



22029 I 
I 

A thermal  energy t ransformer  i s  d e s c r i b e d  f o r  use i n  
combination wi th  a heat  engine.  I t  comprises  a f l u x  I 

I 

receiver, having  a f i rs t  w a l l  d e f i n i n g  t h e r e i n  a r a d i a t i o n  

energy  c h a r a c t e r i z e d  by a f i rs t  w a l l  d e f i n i n g  a r a d i a t i o n  
a b s o r p t i o n  c a v i t y  having a solar  f l u x  energy a p e r t u r e ,  and a 
second w a l l  d e f i n i n g  an energy t r a n s f e r  w a l l  f o r  t h e  h e a t  
engine,  and a h e a t  p i p e  chamber i n t e r p o s e d  between t h e  f i r s t  
and second w a l l s  hav ing  a working f l u i d  d i sposed  w i t h i n  t h e  
chamber and a wick l i n i n g  t h e  chamber f o r  conduct ing  t h e  
working f l u i d  from t h e  second w a l l  t o  t h e  f i r s t  w a l l ,  
whereby thermal  energy is t r a n s f e r r e d  from t h e  r a d i a t i o n  
a b s o r p t i o n  c a v i t y  t o  t h e  h e a t  engine .  

a b s o r p t i o n  c a v i t y  f o r  conve r t ing  so l a r  f l u x  t o  thermal  I 

(HEAT E N G I N E ,  HEAT PIPE CHAMBER, SOLAR RADIATION) 

HP78 2 2 0 2 7  ARE HEAT PIPES UNDER CONTROL? 

Br i sbane ,  T.W.C., (Nat iona l  Engineer ing  L a b . ) ,  icheme Symp. 
on H e a t  T r a n s f e r  and Energy Conversion,  8 r e f s ,  1 9 7 6  
A v a i l  : TAC 

r e c u p e r a t o r s  is  d e s c r i b e d ,  a long  wi th  t h e  c o n t r o l  of  h e a t  
t r a n s f e r  ra tes  f o r  var ious a p p l i c a t i o n s .  

The use  o f  h e a t  p i p e s  and thermosiphons i n  gas-to-gas 

(APPLICATIONS, HEAT TRANSFER, MATERIALS, REVIEW, WORKING 
FLUID) 

HP78 22028  HEAT RECOVERY DEVICES FOR B U I L D I N G  HVAC SYSTEMS 

H o w e l l ,  R . H . ,  Saue r ,  H . J . J r . ,  (Dept. of Mechanical and 
Aerospace Engng., Univ. of M i s s o u r i ,  Rol la ,  MO) 
A v a i l  :TAC 

are desc r ibed .  The f i v e  b a s i c  t y p e s  ( r o t a r y  r e g e n e r a t i v e ,  
c o i l  loop  run-around, open run-around, h e a t  p i p e ,  and p l a t e  
t y p e )  are d e s c r i b e d  and t h e i r  t y p i c a l  perofrmance i s  
p resen ted .  The p o t e n t i a l  sav ings  i n  o p e r a t i n g  cos ts ,  as 
w e l l  as i n i t i a l  equipment c o s t s  f o r  common a p p l i c a t i o n s  are 
p r e s e n t e d .  

The o p p o r t u n i t i e s  and advantages of  a i r - t o - a i r  recovery  

(APPLICATIONS, ECONOMICS, EQUIPMENT, HEAT RECOVERY) 

HP78 2 2 0 2 9  IMPROVEAclE?JT I N  GRAIN-DRYER FUEL EFFICIENCY 
THROUGH HEAT RECOVERY 

Lai, F . S . ,  Foster ,  G . H . , .  (USDA, Agric .  Res. S e r v . ,  Manhattan, 
KS), Trans.  Am. SOC. Agric .  Eng., Gen. Ed.,  V 20:579-584, N 3 ,  
15 r e f s ,  May-June 1 9 7 7  
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Grain d r y i n g  i s  an  energy- in tens ive  o p e r a t i o n  from I 
which u s e f u l  h e a t  i s  d i sca rded .  
of t h i s  h e a t  appea r s  f e a s i b l e .  A hea t -p ipe  h e a t  exchanger ,  , 
s i n g l y  and incombinat ion wi th  a h e a t  pump, w a s  t e s t e d  

I 

expe r imen ta l ly  and by mathematical  s i m u l a t i o n  as an approach 
t o  h e a t  recovery  and reducing energy  requi rements  f o r  g r a i n  I 

dry ing .  

Recovery and r e u s e  o f  p a r t  

(AGRICULTURE, FUEL ECONOMY, HEAT EXCHANGER) . 
HP78 22030 AN INTERNAL CUSP REFLECTOR FOR AN EVACUATED 

TUBULAR HEAT PIPE SOLAR THERMAL COLLECTOR 

O r t a b a s i ,  U . ,  Buehl,  W .M., (Corning Research and Developmen, I 

Lab., Corning, N Y ) ,  I n  I n t e r n a t i o n a l  Solar  Enerqy S o c i e t y ,  
Annual Meeting, Orlando,  FL, Proc . ,  p.  36-30 t o  36-36, June 
6-10, 1 9 7 7 ,  s e c t i o n s  2 6 - 3 8 ,  A78-11212 0 1 - 4 4 ,  I n t .  Solar 
Energy SOC., Cape Canaveral ,  FL,  A78-11384 

Th i s  s t u d y  i n v o l v e s  o p t i c a l  a n a l y s i s  o f  a s l i g h t l y  
c o n c e n t r a t i n g  symmetric cusp r e f l e c t o r  i n s i d e  a t u b u l a r  
glass envelcpe  w i t h  a c y l i n d r i c a l  heat p i p e  as t h e  s o l a r  
abso rbe r .  The b a s i c  design f e a t u r e s  of t h i s  non t r ack ing  
evacuated  modular c o l l e c t o r  and t h e  p r i n c i p l e s  of  h e a t  
removal are d e s c r i b e d .  
r e f l e c t o r  o p t i c s  are de r ived ,  and s o l u t i o n s  f o r  t h e  l a r g e s t  
p o s s i b l e  a p e r t u r e  i n s i d e  a g iven  d iameter  envelope and 
acceptance  a n g l e  a r e  presented .  
a s i n g l e  c o l l e c t o r  t u b e  has been s imula t ed  by means o f  a 
Monte Carlo r a y - t r a c i n g  program. 
of 1.15, t h e  f l u x  d i s t r i b u t i o n  around t h e  heat pipe i s  
computed a s  a f u n c t i o n  of i n c i d e n c e  a n g l e .  In  a d d i t i o n ,  t h e  
impact of m i r r o r  d e f e c t s  and abso rbe r  misalignment on o p t i c a l  
performance i s  ana lyzed .  

D i f f e r e n t i a l  equa t ions  o f  t h e  cusp 

The o p t i c a l  e f f i c i e n c y  o f  

For  a c o n c e n t r a t i o n  r a t i o  

- 

(DESIGN, HEAT REMOVAL, OPTICAL ANALYSIS, O P T I C A L  EFFICIENCY) 

HP78 22031 FUNDAMENTAL EXPERIMENT O F  POTASSIUM XEAT 
EXCHANGER USING PRINCIPLE OF HEAT PIPE 

Sumida, I . ,  Kotani ,  K., ( H i t a c h i ,  L td . ,  Ozen j i ,  Kawasaki-shi, 
J a p a n ) ,  J. Nucl. S c i .  Tech., V 13:648-655, N1, 8 r e f s ,  Nov. 
1 9 7 6  

A potass ium h e a t  exchanger,  f e a t u r e s  s e p a r a t e  I 

c o n s t r u c t i o n  o f  primary and secondary c o o l a n t  systems.  A 
small amount of  potassium p l a y s  a r o l e  as  an i n t e r m e d i a t e  
media of h e a t  t r a n s p o r t a t i o n .  
e v a p o r a t i o n  and condensat ion o f  potassium on t h e  s u r f a c e s  of 
t h e  pr imary and secondary c o o l a n t  p i p i n g s ,  r e s p e c t i v e l y .  
The tes ts  w e r e  performed i n  t h e  tempera ture  range of 200  t o  
3 0 0  C and t h e  maximum hea t  t r a n s f e r  reaches I,? I<!.! ( h e a t  
t r a n s f e r  ra te  a t  t h e  primary h e a t i n g  source :  8 . 6  W/cm2 a t  
300 C ) .  

Heat i s  t r a n s f e r r e d  by 

(NUCLEAR SYSTEMS, REACTOR COClLING) 
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REACTOR TECHNOLOGY, P rogres s  Report ,  Apri l -June 
19 77 

Warren, J . L . ,  ( L o s  A l a m o s  S c i e n t i f i c  Lab., L o s  A i a m o s ,  N M ) ,  

p r o g r e s s  has  been made o n  d e f i n i n g  t h e  des ign  o f  space  
electric power supply  (SEPS)  components. There have been 
t h r e e  s i g n i f i c a n t  advances i n  h e a t  p i a s  technology.  Cr i t e r i a  
have been set f o r t h  f o r  the s e l e c t i o n  of compat ib le  
combinat ions of ceramics  and m e t a l - c o a t s  f o r  h e a t  p i p e s .  A 
system t o  avoid  molecular  a b s o r p t i o n  o f  t h e  l a s e r  l i g h t  i n  
sodium vapor lasers w a s  devised and t e s t e d .  A mercury h e a t  
p i p e  t o  remove h e a t  from stored f u e l  e lements  i s  be ing  
fabricated. Work cont inues  on t h e  e v a l u a t i o n  of  computer 
codes used i n  t h e  a n a l y s i s  of gas-cooled n u c l e a r  reactors 
t o  be used f o r  n u c l e a r  p rocess  h e a t .  Work i s  n e a r l y  
complete on a model o f  a gas core r e a c t o r  power p l a n t .  
C r i t i c a l i t y  experiments  a re  be ing  run i n  t h e  plasma core 
c r i t i ca l  assembly. Severa l  o t h e r  c r i t i c a l  a s sembl i e s  a r e  
i n  r o u t i n e  use f o r  v e r i f y i n g  c a l c u l a t i m s  and s u p p o r t i n g  
r e s e a r c h  be ing  done by o t h e r  groups i n  t h e  1aboratDry.  
S e v e r a l  c r i t i c a l i t y  s a f e t y  s t u d i e s  and reviews w e r e  made. 
Work has  begun on a proposa l  f o r  developing an e l e c t r o -  
n u c l e a r  f u e l  producer  (ENF?) . 

Aug. 1977, X78-0021012 I 
Progres s  i s  r e p o r t e d  i n  e i g h t  program areas. S teady  I 

I 

(CRITICALITY, FUEL ELEMENTS, MERCURY HEAT-PIPE) 

HP78 22033 HEAT TRANSFER I N  SOLAR ENERGY STORAGE, USING " 

UNPREPARED EARTH AS STORAGE MEDIUM 

V1q-r- C Tal D 1 - a -  I P . . ~ . - - ~  r.1- -L: - -cn- r i -  ; .. 
A l U U A A #  Y . 1 . l .  U A U u & L I ,  A.!.?. ::azli, x. , \ U C Z U & \ j S  I l U ~ A A A A A y L U & A  U A A A V  , 
Washington, D . C . ) ,  Am. I n s t .  o f  Chem. Engrs. and Am. SOC. of  
Mech. Engrs . ,  Heat Trans fe r  Conf . ,  S a l t  Lake C i t y ,  UT, 11 p . ,  
Aug. 15-17, 1 9 7 7 ,  ASME,Paper 77-HT-38, Members $ 1 . 5 0 ,  
Nonmembers $ 3 . 0 0 ,  A78-17487 

solar energy s t o r a g e  concept t h a t  used unprepared ea r th  as  a 
s t o r a g e  medium i s  presented .  Two methods o f  h e a t i n g  and 
e x t r a c t i o n  are cons idered .  The f i r s t  method uses  a w a t e r  
p i p e  h e a t  exchanger f o r  b o t h , t h e  h e a t i n g  and e x t r a c t i o n  
phases .  The second method u s e s  a hea t  p ipe  d u r i n g  t h e  
h e a t i n g  phase and a w a t e r  p ipe  d u r i n g  t h e  e x t r a c t i o n  phase.  
The h e a t  i n p u t  t o  t h e  ear th  s t o r a g e  i s  o b t a i n e d  by t h e  
o p e r a t i o n  o f  s o l a r  c o l l e c t o r s .  The s o l a r  c o l l e c t i o n  p rocess  
i s  a c t i v a t e d  d u r i n g  t h e  day and i s  d e a c t i v a t e d  du r ing  t h e  
n i g h t .  Solar energy i s  c o l l e c t e d  by t h i s  procedure 
throughout  t h e  e n t i r e  year  and s t o r e d  i n  t h e  e a r t h  reservoir. 
For  space  h e a t i n g  a p p l i c a t i o n s ,  house load  d a t a  are a p p l i e d  
t o  t h e  e a r c h  s t o r a g e  during t h e  w i n t e r  months. I t  is 
demonst ra ted  t h a t  year-round s o l a r  c o l l e c t i o n  and 
approximate ly  4 0 0 , 0 0 0  f t 3  o f  e a r t h  s t o r a g e  i s  adequate  t o  

An a n a l y s i s  of t h e  heat  t r a n s f e r  c h a r a c t e r i s t i c s  o f  a 
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provide  space  h e a t i n g  for  1 2  average s i z e  houses  i n  m o s t  
areas o f  t h e  United S t a t e s .  Furthermore,  t h e  use o f  a h e a t  
p i p e  on t h e  h e a t i n g  phase may reduce t h e  i n i t i a l  p r e p a r a t i o n  
t i m e  f o r  t h e  e a r t h  s torage.  

(CHANGING, EXTRACTION, PERFORMANCE) 

HP78 22034 HEAT RECOVERY 

... 
P i p e r ,  J . E . ,  Bu i ld ing  Operat ing Management, p. 44-49 , March 
1978 . 
A v a i l  :TAC 

A number of d i f f e r e n t  systems are a v a i l a b l e  f o r  recov 
recove r ing  and r e u s i n g  h e a t i n g  and c o o l i n g  energy.  
operat ion of  a h e a t  p ipe  is d e s c r i b e d ,  a long  w i t h  t h e  
o p e r a t i o n  of  a h e a t  p ipe  a i r - to-a i r  h e a t  exchanger and i t s  
economic f e a s i b i l i t y  i n  h e a t  recovery  a p p l i c a t i o n s .  

The 

(ECONOMICS, WASTE-HEAT RECOVERY) 

HP78 22035 APPLICATION OF CHEMICAL E N G I N E E R I N G  TO LARGE SCALE 
SOLAR ENERGY .. .. . _  

Chubb, T.A.,  Nemecek, J.J., Simmons, D . E . ,  ( N a v .  R e s .  Lab., 
E.O.  Hulbur t  Cent.  f o r  Space R e s . ,  Washington, D . C . ) ,  Sha r ing  
t h e  Sun: S o l a r  Tech. i n  t h e  S e v e n t i e s ;  J o i n t  Conf. of t h e  
I n t .  S o l a r  Energy SOC.,  Am. Sect., and S o l a r  Energy SOC. of  
Canada, Inc . ,  Winnipeg, Manitoba, Canada, V 7:364-374, 4 r e f s ,  
Aug. 15-20, 1976, Publ. by I n t .  S o l a r  Ener.gy SOC., Am. S e c t . ,  
Cape Canaveral, FL 

I n  t h e  Solchem concept, s u n l i g h t  is conver ted  t o  
chemical  energy  i n  disbursed s n l a r  f u r z ~ c e s .  
piped  t o  a c e n t r a i ' s t a t i o n ,  where energy i s  s t o r e d  as heat- 
o f - fus ion .  H e a t  p i p e  b o i l e r s  provide  on-demand power p l a n t  
steam. 

Products z r ~  

(BOILERS, HEAT-OF-FUSION, SOLAR FURNACE, SOLCHEM) 

HP78 22036 HEAT PIPE  MATERIALS, UNIQUE REQUIREMENTS FOR 
COAL GASIFICATION PROCESSES 

E w e l l ,  G . J . ,  B a s i u l i s ,  A . ,  (Hughes A i r c r a f t  Co., Culver  C i t y ,  
C A ) ,  N a t ' l  Sampe. Symp. Exhib., V 22:454-465, 1977 

N o  a b s t r a c t  a v a i l a b l e  

(CAUSTIC ENVIRONMENT, PROCESSES) 
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HP78 22037 CONTRIBUTION ON APPLYING THE HEAT PIPE  I N  
VENTILATION AND A I R  C O N D I T I O N I N G  

R i c h t e r ,  W . ,  (Tech. Univ., Dresden, E. Germany), L u f t  
K a e l t e t e c h . ,  V 13:197-203, N 4 ,  10  r e f s ,  1 9 7 7 ,  I n  German w i t h  
Engl i sh  a b s t r a c t  

f e a t u r e s  of normal and s p e c i a l  developments of low- 
tempera ture  h e a t  p i p e s .  The  m o s t  impor tan t  c a l c u l a t i o n  
equations f o r  selected types  are p r e s e n t e d  i n  a summarized 
manner. Refer r ing  t o  t h e  problems of  h e a t  t ransmiss ion  on 
t h e  i n t e r n a l  and external  s u r f a c e s ,  t h e  a p p l i c a t i o n s  of t h e  
h e a t  p i p e s  i n  v e n t i l a t i o n  and a i r  c o n d i t i o n i n g  are d i scussed .  

The paper  d e s c r i b e s  t h e  mode of  o p e r a t i o n  and des ign  

(EQUATIONS, HEAT TRANSFER, LOW-TEMPERATURE, REVIEW) 

11. D. AEROSPACE APPLICATIONS 

.. I 

HP78 23010 PERFORMANCE OF THE 1 2 G H Z ,  200-WATT TRANSMITTER 
EXPERIMENT PACKAGE FOR THE €KERMES SATELLITE 

Alexovich, R .E . ,  (NASA, L e w i s ,  Cleve land ,  O H ) ,  NASA-TM-73804 
E-9385, 34 p . ,  P re sen ted  a t  Symp. on H e r m e s  (Communications 
Tech. S a t e l l i t e ) ,  O t t a w a ,  Canada, Nov.-Dec. 1, 1 9 7 7 ,  Spons. 
by Royal SOC. of  Canada, Canadian Dept. o f  Communications, 
and NASA, N-78-13282 

t r a n s m i t t e r  experiment  package (TEP) f o r  t h e  H e r m e s  s a t e l l i t e  
are p resen ted .  The TEP c o n s i s t s  o f  a power-processing 
system CpPS), an o u t p u t  s t age  tube (OST), and a v a r i a b l e  
conductance h e a t  p ipe  system ( V C H P S ) ,  a l l  of which are 
d e s c r i b e d .  The OST i s  a coupled-cavi ty  t r a v e l i n g  wave tube  
(TWT) wi th  a mul t i - s t age  depressed c o l l e c t o r  (MDC) and a 
s t epped  v e l o c i t y - t a p e r e d  s l o w  wave s t r u c t u r e  f o r  e f f i c i e n c y  
enhancement. I t  has  an RF o u t p u t  power of 233  w a t t s  and 
overall  e f f i c i e n c y  of 5 0 . 7 5  p e r c e n t  a t  a c e n t e r  band 
frequency o f  12.080 GHZ. The PPS p rov ides  t h e  r e q u i r e d  
o p e r a t i n g  v o l t a g e s ,  r e g u l a t i o n ,  c o n t r o l ,  and p r o t e c t i o n  f o r  
t h e  OST. The VCHPS cons is t s  of a f i n  r a d i a t o r  and t h r e e  
d u a l - a r t e r y  s t a i n l e s s  s t e e l  h e a t  p i p e s ,  u s ing  methanol and 
a mixture  of i n e r t  gases .  T e s t  r e s u l t s  p re sen ted  i n c l u d e  
e f f i c i e n c i e s ,  R F  ou tpu t  power, and body c u r r e n t .  A 
d i s c u s s i o n  o f  thermal  anomalies which occurred  i s  p resen ted .  

(HEAT-PIPE, INERT GASES, METHANOL, STAINLESS STEEL, VARIABLE 

Performance c h a r a c t e r i s t i c s  from on-o rb i t  t es t s  of t h e  

CONDUCTANCE) 
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HP78 23CL1 PACKAGING OF A LARGE-CAPACITY MAGNETIC BUBBLE 
DOMAIN SPACECRAFT RECORDER 

Becker,  ?.J., S t e r n e r ,  R.L. , (Rockwell I n t . ,  Anaheim, CA) , 
D i g .  Pap. IEEE Comput. SOC., I n t .  Conf., 1 4 t h ,  San F ranc i sco ,  
CA, p. 253-262, Feb. 28-March 3 ,  1977, IEEE,  N e w  York, NY, 
C a t .  no. 77CH1165-0 C 

A S c l i d - S t a t e  Spacec rq f t  Data Recorder (SSDR) , based on 
bubble <=main technology,  having  a s t o r a g e  c a p a c i t y  of l o 6  
b i t s ,  h a s  been designed and i s  c u r r e n t l y  b e i n g  t e s t e d .  The 
SSDR we izhs  approximately 47 pounds, occup ies  860 i n 3  and i s  
conduct iz?  cooled. Polymeric materials have been selected 
t o  m e e t  z3ermal vacuum and heat s t e r i l i z a t i o n  requirements .  
S t r u c t u r i i  des ign  is based on  environmental  and thermal  
considerzzions.  Heat pipes are used e x t e n s i v e l y  throughout  
t h e  s y s t s z  t o  reduce w e i g h t  and improve thermal  performance. 

(CONDUCTIDN COOLED, POLYMERIC MATERIALS, SOLID STATE) 

HP78 23G12 ANALYSIS AND RADIANT H E A T I N G  TESTS O F  A HEAT".PiPE- 
COOLED LEADING EDGE 

Camarda, C.J., (NASA Langley R e s .  Cen te r ,  Hampton, V A ) ,  NASA- 
NASA-TN-3-8468, Aug. 1977, NASA, Washington, D . C . ,  L-11247 
A v a i l  : TAC 

The performance of a h e a t  pipe-cooled l e a d i n g  edge w a s  
i n v e s t i q a t e d  expe r imen ta l ly  and a n a l y t i c a l l y .  
model an& r a d i a n t  h e a t e r s  w e r e  p o s i t i o n e d  t o  s i m u l a t e  aero- 
dynamic ?-eating d i s t r i b u t i o n s  and g r a v i t y  e f f e c t s  a t  angles  
of a t tad< of 0 ,  1 0 ,  and 2 0 .  S t eady- s t a t e  s t a g n a t i o n - h e a t i n g  

.-- ranged from 239 KW/m2 ( 2 1 . 1  BTU/ft'-sec) t o  395 KW/mL (34.8 
BTU/f t2-s2C)  w i t h  h e a t  p ipes  o p e r a t i n g  a t  tempera tures  of 
883 K ( 1 1 3 0  F) and 9 2 2  K (1200 F), r e s p e c t i v e l y .  A simple 
a n a l y t i c 2 1  technique  w a s  used t o  determine s t a r t u p ,  t r a n s i e n t ,  
and s t e a c y - s t a t e  performance of t h e  h e a t  p i p e s  d u r i n g  
t e s t i n g .  Experimental  r e s u l t s  agreed w e l l  w i th  c a l c u l a t e d  
r e s u l t s  f o r  t h e  thermal  behavior  of  t h e  l e a d i n g  edge. 
R e s u l t s  - r e r i f l e d  s u c c e s s f u l  o p e r a t i o n  of t h e  l e a d i n g  edge 
for  a l l  tests, i n c l u d i n g  t h e  des ign  c o n d i t i o n ,  which 
s imula t e2  t h e  r e - e n t r y  hea t ing  environment of  a Phase B 
s h u t t l e  o r b i t e r .  

The t e s t  

(HEAT TEIESJSFER, RE-ENTRY HEATING,  SPACE SHUTTLE, TEMPERATURE 
CONTROL) 

HP78 23013 ADVANCED SPACECRAFT THERMAL CONTROL TECHNIQUES 

F r i t z ,  C .H. ,  (NASA, Marshall Space F l i g h t  C e n t e r ,  H u n t s v i l l e ,  

s p a c e c r a f t  were s t u d i e d .  S h u t t l e  space l a b o r a t o r y  h e a t  
r e j e c t i o n  u s e s  1 KW f o r  pumps and f a n s  f o r  eve ry  5 KW 
( the rma l )  h e a t  r e j e c t i o n .  T h i s  1s r a t h e r  i n e f f i c i e n t ,  and 

u), NASA-TM-78134, 80 p . ,  1 9 7 7 ,  N78-10414/8SL 
The problems of r e j e c t i n g  l a r g e  amounts o f  h e a t  from 
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HP78 23014 DESIGN AND DEVELOPMENT OF A GAS-CONTROLLED HEAT 
PIPE RADIATOR FOR COMMUNICATION SPACECRAFT 
APPLICATIONS, Phase 2 

Kreeb, H . ,  (Dornier-System G.M.B.B. F r i e d r i c h s h a f e n ,  W. 
Germany), ESA-CR(P)-958, 200  p . ,  1 9 7 7 ,  ESTEC-2464/75-PP, 
N77- 32 452/3SL 

h e a t  p ipe  r a d i a t g r  i s  d e a l t  w i th .  The tempera ture  of  a 
c e n t r a l  p l a t e ,  provided with e i g h t  s e p a r a t e  h e a t e r s ,  i s  
s t a b i l i z e d  by h e a t  p i p e s  of t h e  c o l d  gas  reservoir t y p e .  

. -  The h e a t  p i p e s  w e r e  tes ted i n  t h e  pas s ive , and  a f t e r  a s l i g h t  
m o d i f i c a t i o n ,  a c t i v e  mode. The manufacture o f  t h e  r a d i a t o r  
and i t s  equipment w a s  c a r r i e d  o u t  acco rd ing  t o  d e t a i l e d  
procedures .  The r a d i a t o r  w a s  f i t t e d  w i t h  134 copper- 
cons t an tan  thermocouples  and 51 s e p a r a t e  h e a t e r s .  P a r t  of 
t h e  r a d i a t o r  manufacture was t h e  i n e r t  gas  f i l l i n g  procedure .  
The thermal  radiator t e s t s  inc luded  a performance tes t  i n  
p a s s i v e  and i n  active mode ( f e e d b a c k ) ,  and l i f e  tests i n -  
vacuum and i n  atmosphere.  T e s t  r e s u l t s  g e n e r a l l y  agreed  
w e l l  w i th  p r e d i c t i o n s .  

The manufacture and  thermal t e s t i n g  o f  a g a s - c o n t r o l l e d  

7 .  

(GAS-CONTROL, LIFE TEST, MANUFACTURE, MODE, TEST) 

HP78 23015 HIGH-TEMPERATURE, HIGH-POWER D E N S I T Y  THERMIONIC 
ENERGY CONVERSION FOR SPACE 

Morris, J . F . ,  (NASA, L e w i s ,  C leve land ,  O H ) ,  NASA-TM-73844 
E-9431, N78-13890 

T h e o r e t i c  c o n v e r t e r  ou tpu t s  and e f f i c i e n c i e s  i n d i c a t e  
t h e  need t o  c o n s i d e r  thermionic  energy convers ion  (TEC) w i t h  
greater power d e n s i t i e s  and h i g h e r  t empera tu res  w i t h i n  
r easonab le  l i m i t s  f o r  space miss ions .  Converter-output  
power d e n s i t y ,  v o l t a g e ,  and e f f i c i e n c y  a s  f u n c t i o n s  of 
c u r r e n t  d e n s i t y  w e r e  deterinined f o r  1400- to -2000  K emitters 
w i t h  725to- 1 0 0 0  K c o l l e c t o r s .  The r e s u l t s  encourage 
u t i l i z a t i o n  o f  TEC w i t h  hotter-than-1650 K emit ters  and 
greater-than-6W/cm2 ou tpu t s  t o  a t t a i n  bet ter  e f f i c i e n c i e s ,  
g r e a t e r  v o l t a g e s ,  and higher  waste-heat  r e j e c t i o n  
t empera tu res  f o r  multihundred-KW space power a p p l i c a t i o n s .  
F o r  example, 1 8 0 0  K ,  30/cm2 TEC o p e r a t i o n  f o r  NEP compared 
w i t h  t h e  1650 K ,  5/cmZ case should  a l low much lower 

23015 

f o r  f u t u r e  programs, more e f f i c i e n t  methods w e r e  examined. 
Two advanced systems w e r e  s t u d i e d  and compared t o  t h e  
p r e s e n t  pumped-loop system. The advanced concepts  are t h e  
a i r - c o o l e d  semi-passive system, which f e a t u r e s  r e j e c t i o n  of 
a l a r g e  percentage  o f  t h e  load  through t h e  o u t e r  s k i n ,  and 
t h e  h e a t  p i p e  system, which i n c o r p o r a t e s  h e a t  p i p e s  f o r  
eve ry  thermal  c o n t r o l  func t ion .  

(HEAT RADIATORS, HEAT REJECTION) 
. ..- . 
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r a d i a t i o n  we igh t s ,  s u b s t a n t i a l l y  fewer and/or smaller 
emitter h e a t  p i p e s ,  s i g n i f i c a n t l y  reduced reactor and s h i e l d -  
r e l a t e d  we igh t s ,  many fewer c o n v e r t e r s  and a s s o c i a t e d  
c u r r e n t - c o l l e c t i n g  busbars ,  less power c o n d i t i o n i n g ,  and 
l o w e r  t r a n s m i s s i o n  l o s s e s .  I n t e g r a t i o n  o f  t h e s e  e f f e c t s  
should  y i e l d  cons ide rab ly  reduced NEP s p e c i f i c  weights .  

(CURRENT DENSITY, EFFICIENCY, NUCLEAR REACTOR) 

HP78 23016 LIFETESTS OF THE TELECOMMUNICATIONS SATELLITE ... .- 
HEAT PIPES, F i n a l  Report  

Muenzel, W.D.,  ( S t u t t g a r t  Univ., Energy Conversion and Heat 
Transfer Div., S t u t t g a r t ,  W .  Germany), N78-13398 

throughout  a p e r i o d  o f  t h r e e  y e a r s  are d e s c r i b e d ,  t o g e t h e r  
w i t h  t h e  i n s t r u m e n t a t i o n  and t h e  t e s t  s e t u p .  Bendable seven 
mm O.C. a r t e r y  h e a t  p i p e s  have been developed f o r  s a t e l l i t e  
a p p l i c a t i o n s .  Four of  t h e s e  h e a t  p i p e s  s u b j e c t e d  t o  a 
s t a t i o n a r y  l i f e t e s t  w e r e  o p e r a t i n g  wi th  a h e a t  l o a d  of 15 
w a t t s  a t  a temperature  of 6C C ,  and ano the r  one ,  t h e  
a c c e l e r a t e d  l i f e t e s t  h e a t  p i p e ,  w a s  ope ra t ed  i n  r e f l u x  b o i l e r  
mode a t  a tempera ture  o f  abou t  1 0 0  C .  A s i x t h  h e a t  p ipe  
underwent a thermal  shock  t es t ,  c o n s i s t i n g  of 3000 c y c l e s  
between 5 C and 80 C .  During t h e  l i f e t e s t s ,  g a s  g e n e r a t i o n  
w i t h i n  a l l  of t h e  h e a t  p i p e s  w a s  d e t e c t e d ,  r e s u l t i n g  i n  a 
s t e a d i l y  i n c r e a s i n g  l eng th  o f  blocked condenser s e c t i o n .  
Due t o  t h e  degrading  long-term performance of t h e  A1-SS-NH3 
h e a t  p i p e s ,  some of these  w e r e  r e p l a c e d  by one-metal h e a t  
p i p e s  made from s t a i n l e s s  s teel .  The l i f e t e s t  of t h r e e  h e a t  
p i p e s  w a s  d i scon t inued  p r i o r  t o  t h e  planned l a p s e  of t h r e e  

T e s t  r e s u l t s  ob ta ined  d u r i n g  l i f e t e s t s  of  h e a t  p i p e s  

-.. 

y e a s .  
f l u i d  and any d e p o s i t s  on t h e  i n n e r  h e a t  p ipe  s u r f a c e s .  

T i i e s e  heat, p i p e s  were c u t  open t o  ana lyze  working 

(ALUMINUM, AMMONIA, EVALUATION, GAS GENERATION, STAINLESS 
STEEL) 

HP78 23017 DEVELOPMENT OF A STAINLESS STEEL AXIALLY GROOVED 
LOW-TEMPERATURE LIQUID-TRAP DIODE HEAT PIPE, 
F i n a l  Report  

Sue lau ,  H . J . ,  (B and K Engng. , Inc .  , Towson, MD) , P.O. no. 

A v a i l  :TAC 
The o b j e c t i v e  of t h i s  program i s  t o  deve lop  an a x i a l l y  

grooved h e a t  p i p e ,  which is  compatible  wi th  a l i q u i d - t r a p  
d iode  des ign .  The a x i a l l y  grooved h e a t  p ipe  w a s  f a b r i c a t e d  
f r o m  s t a i n l e s s  s teel  tub ing  t o  provide  a h i g h - s t r e n g t h ,  l o w -  
conductance envelope to  m i n i m i z e  a x i a l  conduct ion e f f e c t s ,  
and charged wi th  e t h a n e  f o r  t e s t i n g  a t  1 0 0  K .  The  h e a t  
p i p e ' s  d iode  o p e r a t i o n  accomplished by t h e  l i q u i d - t r a p  
technique  s e r v e d  t o  e f f e c t i v e l y  "shutdown" t h e  h e a t  p ipe  
d u r i n g  r e v e r s a l .  

A-39958-B (DG)  

(ETHANE , HPEP, RECOVERY, SHUTDOWN, START-UP) 
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HP78 23018 EARLY PERFORMANCE O F  THE 1 2 - G H Z ,  200-WATT 
TRANSMITTER EXPERIMENT PACKAGE I N  THE 
COMML.iICATIONS TECHNOLOGY SATELLITE 

NASA, L e w i s ,  Cleve land ,  OH, NASA-TM-X-3555 E-9104 ,66  p . ,  1977 
N77033258/3SL 

Measured performance c h a r a c t e r i s t i c s  of t h e  t r a n s m i t t e r  
experiment  package (TEP) aboard t h e  communications technology 
s a t e l l i t e  for t h e  f i r s t  9 0  o p e r a t i n g  days i n  o r b i t  are 
p resen ted .  The TEP consists of  a nominal 2 0 0 - w a t t  o u t p u t  
s t a g e  tube  (OST) , a suppor t ing  power-processing system (PPS),  
and a var iab le-conductance  h e a t  p ipe  system (VCHPS) . The 
OST, a traveling-wave tube  augmented wi th  a 10-stage 
dep res sed  col lector ,  has  a n  overal l  s a t u r a t e d  average  
e f f i c i e n c y  of  51.5 p e r c e n t  and an average  s a t u r a t e d  rad io-  
f requency  ( R F )  o u t p u t  power a t  center-band frequency of 2 4 0  
w a t t s .  The PPS o p e r a t e d  wi th  a measured e f f i c i e n c y  of 86.5 
p e r c e n t  t o  88.5 pe rcen t .  The VCHPS, u s i n g  t h r e e  p i p e s  t o  
conduct h e a t  from t h e  PPS and t h e  body o f  t h e  OST t o  a 52-cm 
x 1 2 4 - c m  (20.5-in x 48.75-in) r a d i a t o r  f i n ,  main ta ined  by t h e  
PPS b a s e p l a t e  tempera ture  b e l o w  50 C f o r  a l l  o p e r a t i n g  
c o n d i t i o n s .  The TEP performance c h a r a c t e r i s t i c s  p re sen ted  
i n c l u d e  frequency response ,  R F  o u t p u t  power, e f f i c i e n c y ,  and 
d i s t o r t i o n s .  Communications c h a r a c t e r i s t i c s  w e r e  eva lua ted  
by  using bo th  v ideo  and audio-modulated s i g n a l s .  

- 

(DISTORTIONS, EFFICIENCY, FREQUENCY, OUTPUT POWER, XESPONSE, 
VARIABLE CONDUCTANCE HEAT-PIPE) 

11. E. ELECTRICAL AND ELECTRONIC APPLICATIONS 

HP78 2 4 0 0 1  INDUCTION-MOTOR FAN D R I V E  W I T H  UNLAMINATED ROTOR 
AND HEAT-PIPE COGLING 

Chalmers, B . J . ,  Herman, J . ,  (Univ. o f  Manchester,  I n s t .  of 
S c i .  and Tech., Manchester, England) ,  Proc. I n s t .  E l e c t r .  
Eng., London, England, V 124:449-453, N5, 1 0  r e f s ,  May 1 9 7 7  

A v a r i a b l e - v o l t a g e  induction-motor f a n  d r i v e  is  
d e s c r i b e d ,  i n  which t h e  rotor  i s  c o n s t r u c t e d  of hollow 
unlaminated s teel ,  and i s  cooled us ing  t h e  r o t a t i n g  hea t -  
p i p e  p r i n c i p l e .  A procedure f o r  performance computations is  
p r e s e n t e d ,  and t h e  s p e c i a l  p r o p e r t i e s  of f a n  d r i v e s  wi th  
unlaminated r o t o r s  a r e  demonstrated by bo th  t h e o r e t i c a l  and 
t e s t e d  r e s u l t s  f o r  an exper imenta l  machine. I t  i s  shown t h a t  
t h e  des ign  s u c c e s s f u l l y  overcomes t h e  n o r m a l  problem of fan  
dr ive c o o l i n g  i n  t h e  region o f  s l i p  e q u a l  t o  1/3. 
D i f f i c u l t i e s  a s s o c i a t e d  with l o s s e s  a t  l o w  s l i p  a r e  
i d e n t i f i e d ,  and ways of r e l i e v i n g  t h i s  problem are  examined. 

(PERFORMANCE COMPUTATIONS, ROTATING HEAT-PIPE, TESTING) 

15 



24004 

HP78 24002 SWITCHING POWER TRANSISTORS AND PASSIVE HEAT I 
REMOVERS, A POWER-HANDLING TEAM GEARED TO THE 1 

CURRENT NEED FOR ENERGY CONSERVATION 
I 

s p e c i f i c a t i o n s ,  and t h e i r  s p e c i a l i z e d  c o n s t r u c t i o n  t o  reduce I 

I D i l a t u s h ,  E., V 22:SO-62, N 1 0 ,  B77-028864 

swi t ch ing  power t r a n s i s t o r s ,  t h e i r  need f o r  comprehensive 

h e a t  d i s s i p a t i o n .  
required c h a r a c t e r i s t i c s  a r e  cons ide red .  
c o o l i n g ,  i n c l u d i n g  t h e  use o f  h e a t  p i p e s ,  are desc r ibed .  
Device s e l e c t i o n  is  cons idered .  

T h i s  r e p o r t  d i s c u s s e s  t h e  unique stresses imposed upon 

Process ing  t echn iques  t o  o b t a i n  t h e  
Various methods o f  

ELECTRONIC, SEMICONDUCTOR) 

HP78 24003 USE O F  HEAT PIPES I N  ELECTRONIC HARDWARE’ 

Graves, J . R . ,  (E lec t ronics  and Con t ro l  Labora tory ,  Power 
Branch, NASA, Marsha l l ,  Hunt .svi l le ,  AL) 
Avai1 :TAC 

The Load Center  Converter (LCC) cons is t s  o f  a mainframe 
c h a s s i s  w i th  in t e rchangeab le ,  plug-in r e g u l a t o r  modules. 
T h i s  common suppor t  base accommodates t h e  r e g u l a t o r  modules 
and c o n t a i n s  t h e  housekeeping power supply  and i n p u t  
f i l t e r i n g .  T o  f u r t h e r  improve performance and reduce s i z e  
and weight ,  t h e  converter package des ign  u t i l i z e s  advanced 
heat-removal t echn iques ,  namely h e a t  p i p e s ,  t o  remove 
i n t e r n a l l y  gene ra t ed  h e a t  more e f f e c t i v e l y  than  conven t iona l  
methods. 

(HEAT REMOVAL, LCC, LOAD-CENTER CONVERTER .. 
HP78 2 4 0 0 4  PACKASING O F  A LARGE-CAPACITY MAGNETIC BUBBLE 

DOMAIN SPACECRAFT RECORDER 

Becker,  F . J . ,  S t e r n e r ,  R.L.  , (Rockwell I n t . ,  Anaheim, CA) , 
Dig. Pap. IEEE Comput. Soc. ,  I n t .  C m f . ,  1 4 t h ,  San F r a n c i s c o ,  
CA, p.  258-262, Feb. 28-March 3 ,  1 9 7 7 ,  IEEE,  N e w  York, NY, 
C a t .  no. 77CH1165-0 C 

A S o l i d - s t a t e  Spacec ra f t  Data Recorder (SSDR), based on 
bubble  domain technology,  having  a s t o r a g e  c a p a c i t y  of lo6 
b i t s ,  has  been des igned  and i s  c u r r e n t l y  be ing  t e s t e d .  The 
SSDR weighs approximately 47  pounds, occupies  860 i n 3 ,  and is  
conduct ion  cooled .  Polymeric materials have been s e l e c t e d  
t o  m e e t  t he rma l  vacuum and h e a t  s t e r i l i z a t i o n  requi rements .  
S t r u c t u r a l  des ign  is based on environmental  and t h e r m a l  
c o n s i d e r a t i o n s .  Heat p i p e s  are used e x t e n s i v e l y  throughout  
t h e  system t o  reduce weight and improve thermal  performance. 

(CONDUCTION COOLED, POLYMERIC bWTERIALS, SOLID STATE) 

16 



111, HEAT PIPE THEORY 

111. A, GENERAL 

HP78 30010 CONDENSATION HEAT TRANSFER I N  ROTATING HEAT 
PIPES I N  THE PRESENCE OF A NON-CONDENSABLE GAS 

Daniels, T .C. , M e d w e l l ,  J .O. , (Swansea, Univ. College, 
Swansea, Wales), Wil l iams,  R . J . ,  (NASA, A m e s  R e s .  Cen te r ,  
Mof fe t t  F i e l d ,  C A I ,  V 22:497-519, July-Aug., 1977 ,  A78-20304 

p i p e s  c o n t a i n i n g  vapors  with d i f f e r e n t  c o n c e n t r a t i o n s  of 
non-condensable gases  is given,  I n  s i t u a t i o n s  such as  t h i s ,  
t empera ture  and c o n c e n t r a t i o n  g r a d i e n t s  are set  up i n  t h e  
vapor-gas mixture .  There i s  a t r a n s p o r t  o f  mass, due t o  
tempera ture  g r a d i e n t s ,  accompanied by an energy t r a n s p o r t  
pnenomena, due t o  a c o n c e n t r a t i o n  g r a d i e n t .  A Nusse l t - type  
a n a l y s i s  i s  riot s u i t e d  to t h i s  t ype  of problem. However, a 
boundary l aye r - type  approach h a s  s u c c e s s f u l l y  been used t o  
ana lyze  s t a t i o n a r y  condensat ion systems w i t h  non-condensable 
g a s e s  p r e s e n t .  The p r e s e n t  boundary-layer  a n a l y s i s  i s  
p r e s e n t e d  f o r  condensa t icn  p r o c e s s e s  on t h e  i n s i d e  of a 
r o t a t i n g  h e a t  p ipe  i n  t h e  presence  of ncn-condensable gases .  

(BOUNDARY LAYER, CONCENTRATION GRADIENT,  ENERGY TRANSPORT) 

A n  a n a l y s i s  of condensa t ion  problems i n  r o t a t i n g  h e a t  

HP78 30011 OSMOTIC HEAT PIPE: PROBLEMS AND PROMISES 

Doshi,  M.R., ( I n s t .  o f  Paper Chemistry,  Appleton, W I ) ,  
Eastmen, G.Y.,  (Thermacore, I n c . ,  Leola, P A ) ,  Letters i n  
Heat and Mass T r a n s f e r ,  V 4:429-436 ,  Nov.-Dec. 1977, 
A78-18 0 74  

p i p e  based on osmotic  ?=ping for improved performance are 
examined. The d i s c u s s i o n  s t r e s s e s  t h e  concept  of osmotic  h e a t  
p i p e s  and impor tan t  p o t e n t i a l  l i m i t a t i o n s  on t h e i r  
performance. The hea t  p ipe  e n c l o s e s  a membrane, t h e  annu la r  
space  i s  f i l l e d  w i t h  a salr: s o l u t i o n ,  and water permeates by 
osmosis through t h e  membrane and f l o w s  i n  t h e  annu la r  space .  
H e a t  is removed a t  t h e  bot tom and condensed pure w a t e r  i s  
t r a n s p o r t e d  t o  t h e  membrane by t h e  c a p i l l a r y  a c t i o n  of t h e  
wick. The l i m i t a t i o n s  are such t h a t  hea t  t r a n s f e r  is  
l i m i t e d  by membrane p e r m e a b i l i t y ,  t h e  s a l t  t e n d s  t o  
c o n c e n t r a t e  i n  t h e  evapora tor  r e g i o n  r a t h e r  t han  t h e  membrane 
area where it i s  needed t o  promote osmosis ,  t he  optimum 
s o l u t e  c o n c e n t r a t i o n  m u s t  b e  determined t o  o b t a i n  maximum 
buoyancy f o r c e s  wi thout  c r y s t a l l i z i n g  t h e  s a l t ,  and t h e  
condensa te  must n o t  block t h e  vapor flow. A t e n t a t i v e  
geometry t o  meet t h e s e  c o n d i t i o n s  is  p resen ted .  

(GEOMETRY, HEAT S I N K S ,  LIMITATIONS, OSMOTIC PUMPING) 

Various problems Eissociated wi th  t h e  o p e r a t i o n  of a h e a t  
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HP78 30012 EFFECT OF HEAT CARRIER 
OF HEAT PIPES W I T H  INHOMOGEI 

- 

30012/31010 
I 

I 

QUANTITY ON THE OPERATION 
YEOUS CAPILLARY 

I 

I STRUCTURE I N  THE ABSENCE OF iMASS FORCES 

I Ivanovsk i i ,  M . N . ,  Sorokin,  V.P., P r i v e z e n t s e v ,  V.V. ,  
(Gosudarstvennyi Komitet P o  I s p o l ' Z o v a n i i u  Atomnoi E n e r g i i ,  
F i z iko -Energe t i chesk i i  I n s t i t u t ,  Obninsk, USSR) , T e p l o f i z i k a  
Vysokikh Temperatur,  V 15:873-878, July-Aug. 1977, I n  
Russian , A 7 8- 12  3 4 7 

N o  abstract  available 

(IEAT TRANSFER, THERMAL EFFICIENCY, WORKING FLUID) 

111. B. HEAT TRANSFER 

HP78 31009 EFFECT OF PRESSURE OF THE INTERMEDIATE HEAT 
CARRIER ON CRITICAL HEAT FLUXES I N  EVAPORATIVE 
THERMOSIPHONS 

Bezrodnyi,  M . K . ,  Alekseenko, D.V. ,  (Kiev Poly tech .  I n s t . ,  
Ukr SSR), I z v .  Vyssh. Uchebn Zaved Energ., p. 80-84, N 4 ,  9 
refs,  A p r i l  1977, I n  Russian 

R e s u l t s  of an exper imenta l  i n v e s t i g a t i o n  of c r i t i ca l  
heat f l u x e s  i n  closed two-phase thermosiphons,  depending on 
geometric dimensions o f  t he  h e a t  supply s e c t i o n a d  t h e  - 
pressure of t h e  i n t e r m e d i a t e  h e a t  ca r r i e r  (F-11, F-12, F-113, 
and methanol ) ,  are presented .  The i n v e s t i g a t i o n s  are 
c a r r i e d  o u t  w i t h i n  t h e  range of p r e s s u r e s  from t h e  
a tmospher ic  t o  0.8 P,,. 
exper imenta l  d a t a ,  it i s  found t h a t  t h e  c h a r a c t e r  o f  
dependence of t h e  c r i t i c a l  h e a t  f l u x e s  on t h e  reduced h e a t  
p r e s s u r e  P/Pc f o r  t h e  l i q u i d s  cons ide red  i s  i d e n t i c a l  and 
d i f f e r s  b u t  s f i g h t l y  from t h e  a p p r o p r i a t e  r e l a t i o n  f o r  t h e  
b o i l i n g  o f  l i q u i d s  under large-volume c o n d i t i o n s .  

As a r e s u l t  o f  g e n e r a l i z a t i o n  o f  

(CRITICAL HEAT-FLUX, HEAT TRANSFER) 

HP78 31010  HEAT TRANSFER I N  A CENTRIFUGAL HEAT PIPE 

Kukharsk i i ,  M.P., Krivosheev, B . N . ,  Kosheleva, G.V. ,  

I n  Russian,  A78-18995 
Inzhenerno-Fiz icheski i  Shurnal ,  V 33:388-392, Sept .  1 9 7 7 ,  

The effect  o f  thermal f l u x  d e n s i t y  and vapor p r e s s u r e  
on h e a t  t ransfer  i n  a c y l i n d r i c a l  c e n t r i f u g a l  h e a t  p ipe  w a s  
s t u d i e d  on a c a l o r i m e t r i c  tes t  s e t u p  wi th  convec t ive  h e a t  
f e e d i n g  and removal. 
diameter w a s  t p s t p d  a t  a r o t a t i o n  freqne.n,cy cf 9 6  r ~ v / s e c ,  is 
mean condensate  l a y e r  t h i c k n e s s  of  0 .3  mm, 

A copper h e a t  p ipe  o f  2.8-cm i n n e r  

and thermal  f l u x  
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31013 

I 
d e n s i t y  i n  t h e  h e a t  t r a n s f e r  s e c t i o n s  of  20-80 KW/m21 
w a s  found t h a t  as  t h e  thermal f l u x  d e n s i t y  and p r e s s u r e  
i n c r e a s e d ,  t h e  r a t e  o f  h e a t  t r a n s f e r  i n c r e a s e d .  An e m p i r i c a l  ' 
formula w a s  o b t a i n e d  f o r  t h e  h e a t  t r ans fe r  c o e f f i c i e n t  i n  
t h e  h e a t  t ransfer  zone as a f u n c t i o n  o f  t h e  parameters  
s tud ied .  

I t  

(CALORIMETRIC TEST, CONVECTION, FLUX DENSITY, VAPOR PRESSURE) 

HP78 31011 STUDY OF THE THERMAL RJ$SISTANCE OF A CRYOGENIC 
HEAT PIPE 

Piskunov, V.B., Bar tkevich ,  N.Y. ,  Bakhnev, V . G . ,  Prusman, 
Y.O. ,  Khim. N e f t .  Mashinostr . ,  p .  20-21, 1977, USSR 

N o  abstract  ava i lab le  

HP78 31012 GENERALIZING RELATIONS FOR LOCAL HEAT TRANSFER 
COEFFICIENTS DURING TURBULENT FLOW OF WATER AND 
CARBON D I O X I D E  A 5  SUPERCRITICAL PRESSURE I N  
UNIFORMLY HEATED CIRCULAR TUBES 

Protopopov, V . S . ,  (Moskovskii E n e r g e t i c h e s k i i  I n s t i t u t ,  
M o s c o w ,  USSR), T e p l o f i z i k a  Vysokikh Temperatur,  V 15:815-821, 
July-Aug. 1977, I n  R u s s i a n ,  A78-12340 

N o  abstract available 

(EQUATIONS) 

HP78 310U STUDY OF A HIGH-PERFORMANCE EVAPORATIVE HEAT 
T?,L?SFEE SD?Z?.CE, F i n a l  2epcrt 

S a a s k i ,  E.W., Hamasaki, R . H . ,  (Sigma Research, I n c . ,  Richland,  
WA) , NASA-CR-152008, 82 p . ,  1977, NAS2-9120, N78-10411/4SL 

An evapora t ive  su r face  i s  desc r ibed  f o r  h e a t  p i p e s  and 
o t h e r  two-phase h e a t  t r a n s f e r  a p p l i c a t i o n s  t h a t  c o n s i s t s  of 
a hybr id  composition of V-grooves and c a p i l l a r y  wicking. 
C h a r a c t e r i s t i c s  of  t h e  s u r f a c e  i n c l u d e  both  a h igh  hea t -  
t r a n s f e r  c o e f f i c i e n t  and high h e a t - f l u x  c a p a b i l i t y  r e l a t i v e  
t o  conven t iona l  open-faced screw t h r e a d  s u r f a c e s .  With a 
groove d e n s i t y  of  1 2 . 6  c m / l  and ammonia working f l u i d ,  h e a t  
t r a n s f e r  c o e f f i c i e n t s  i n  the range of 1 t o  2 W/cm2 h a t e  been 
measured along w i t h  m a x i m u m  h e a t - f l u x  d e n s i t i e s  i n  excess o f  
20  W/cm2. A peak h e a t - t r a n s f e r  c o e f f i c i e n t  i n  excess o f  2.3 
W/cm2 w a s  measured wi th  a 37.8 c m / l  hyb r id  s u r f a c e .  

(AMMONIA, CONVECTIVE, EVAPORATIVE, FILM) 
8 
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HP78 31014 CONDENSATION HEAT TRANSFER I N S I D E  ROTATING HEAT 
PIPES,  Master's T h e s i s  

T a n t r a k u l ,  C . ,  (Naval Pos tg radua te  School ,  Monterey, CA) , 
1 0 3  p. ,  1 9 7 7  

An a n a l y t i c a l  s t u d y  was undertaken t o  de termine  t w o -  
f 

dimens iona l  wall-conduction e f f e c t s  d u r i n g  f i l m  condensa t ion  ' , 
on a n  i n t e r n a l l y  f i n n e d  r o t a t i n g  heat  p i p e .  
f i n i t e  e lement  method w a s  modified t o  s o l v e  t h e  problem by 
u s i n g  d i f f e r e n t  numbers of a x i a l  increments  and d i f f e r e n t  
numbers of elements .  
shown t o  be  similar t o  those  o b t a i n e d  ear le i r .  

. h e a t  p i p e  w a s  tested u s i n g  v a r i o u s  copper condensers ,  
i n c l u d i n g  t w o  smooth-wall c y l i n d e r s  and a 0.5 degree  
t r u n c a t e d  cone. A l l  condensers  w e r e  tested a t  d i f f e r e n t  
r o t a t i o n a l  speeds u s i n g  d i s t i l l e d  water as t h e  working f l u i d .  
I n  t h e  case of t h e  1.46 i n  diameter c y l i n d r i c a l  condenser ,  
data w e r e  a lso taken  wi th  Freon 113 and e t h a n o l .  The heat 
t r a n s f e r  ra te  of  each  condenser w a s  p l o t t e d  a g a i n s t  t h e  
s a t u r a t i o n  tempera ture  of tke vapor .  Using t h e  expe r imen ta l  
r e s u l t s  ob ta ined  i n  t h i s  thesis, t o g e t h e r  w i th  t h e  data of 
ear l ier  theses, a comparison w a s  made w i t h  t h e  t h e o r e t i c a l  
a r . a l y s i s  o f  Roetze l .  Agreement i s  r easonab le ,  and R o e t z e l ' s  
a n a l y s i s  can be used t o  predict o v e r a l l  r o t a t i n g  hea t -p ipe  
performance t o  w i t h i n  +-20 p e r c e n t  f o r  water. The  data  f o r  
Freon 113 and e t h a n o l ,  however, f a l l  approximately 35 p e r c e n t  
h i g h e r  t han  t h i s  t h e o r y .  

An ear l ier  . 

R e s u l t i n g  h g a t  t r a n s f e r  ra tes  w e r e  
A r o t a t i n g  

(ANALYTICAL STUDY, COPPER CONDENSERS, ETHANOL, EXPERIMENTAL 
STUDY, FREON 113, WATER) 
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40007 , 

I V ,  DESIGN, DEVELOPMENT, AND FABRICATION 

I V .  A. GENERAL 

HP78 40005 INVESTIGATION OF THE CRITICAL REGION O F  HEAT AND 
MASS TRANSFER I N  LOW-TEMPERATURE WICKLESS ,YEAT 
PIPES 

Bezrodnyi,  M.K., Alekseenko, D.V.,. ( K i e v s k i i  P o l i t e k h n i c h e s k i i  
I n s t i t u t ,  Kiev, Ukrainian SSR), T e p l o f i z i k a  Vysokikh 
Temperatur,  V 15:370-376, March-April 1977, High Temperature,  
V 15:309-313, N 2 ,  Sept .  1 9 7 7 ,  T rans l a t ion ,  A78-19266 

N o  Abstract a v a i l a b l e  

(FREON, METHYL ALCOHOL, WATER, WORKING FLUID) 

HP78 40006  DEVELOPMENT OF A JET PUMP-ASSISTED ARTERIAL HEAT 
PIPE, F i n a l  Report 

B i e n e r t ,  W.B., Ducao, A.S., Tr immer ,  D.S., (Dynatherm Corp. ,  
Cockeysv i l l e ,  MD), NASA CR-152,015, May 1977, NASA c o n t r a c t ,  

A v a i l  :TAC 
Th i s  r e p o r t  d e s c r i b e s  the development of a j e t  pump- 

a s s i s t e d  a r t e r i a l  h e a t  p ipe .  T h i s  new concept  promises a 
s o l u t i o n  t o  t h e  problem of s t a r t i n g  a r t e r i a l  h e a t  p i p e s ,  i n  
p a r t i c u l a r ,  t h o s e  us ing  high p r e s s u r e  working f l u i d s ,  such 
as  ammonia. The concept  u t i l i z e s  a b u i l t - i n  c a p i l l a r y -  
dr iven  j e t  pump to  remove vapor and g a s  from t h e  ar tery and 
t o  prime it: 
depriming d u r i n g  o p e r a t i o n  of t h e  h e a t  p i p e .  The concept  i s  
a p p l i c a b l e  t o  f i x e d  conductance and gas- loaded v a r i a b l e -  
conductance h e a t  p i p e s .  The r e p o r t  p r e s e n t s  a t h e o r e t i c a l  
model f o r  t h e  j e t  pump-assisted a r t e r i a l  h e a t  p i p e .  The 
model w a s  used t o  des ign  a p ro to type  f o r  l a b o r a t o r y  
demonst ra t ion .  The 1 . 2  m-long h e a t  p i p e  w a s  designed t o  
t r a n s p o r t  500  w a t t s  and t o  prime a t  an adverse  e l e v a t i o n  of 
up to  1.3 cm.  The tes t  r e s u l t s  w e r e  i n  good agreement wi th  
t h e  t h e o r e t i c a l  p r e d i c t i o n s . ’  The h e a t  p ipe  c a r r i e d  a s  much 
as 540 w a t t s  and w a s  a b l e  t o  prime up t o  1 . 9  c m .  
I n t roduc t ion  of a cons ide rab le  amount of non-condensible g a s  
had no adve r se  a f f e c t  on the  pr iming c a p a b i l i t y .  

DTM-77-2, NAS2-9233 

The cont inuous pumping a c t i o n  also p r e v e n t s  

(AMMONIA, CAPILLARY JET-PUMP, GRAVITY, P R I M I N G ,  VENTURI)  

HP78 40007 DESIGN AND DEVELOPMENT O F  A HEAT PIPE D I O D E ,  
Phase 1, DESIGN, F i n a l  Report  

Groll, M . ,  Muenzel, W.D., ( S t u t t g a r t  Univ. ,  Energy 
Conversion and Heat Trans fe r  Div. ,  S t u t t g a r t ,  W .  Germany) , 
N- 78- 11364 
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The a n a l y s i s  and design of  a h e a t  p ipe  thermal  diode i s  I 

d e sc r ibed .  
e s p e c i a l l y  h e a t  p ipe  diode technology,  a r e  reviewed.  A 
number of des ign  concepts  i s  d e f i n e d  and s u b j e c t e d  t o  a 
p re l imina ry  a n a l y s i s .  
comparison of t h e  va r ious  des ign  concep t s ,  an all-aluminum 
axia l -groove  ammonia-diode h e a t  p i p e ,  employing t h e  l i q u i d -  
t r a p  p r i n c i p l e ,  w a s  s e l e c t e d .  A O-G forward-mode m a x i m u m  
per formance .of  t h e  diode wick of 1 9 4  W w a s  p r e d i c t e d  a t  an 
o p e r a t i n g  temperature  of  20 C. This  cor responds  t o  a h e a t  
t r a n s p o r t  c a p a b i l i t y  of 5820 W/cm. The p r e d i c t e d  reverse- 
mode conductance f o r  c o m p l e t e  shutdown diode a t  a tempera ture  
d i f f e r e n c e  between normal condenser  sect ion and normal  
e v a p o r a t o r - t r a p  section of 40 K i s  0.0286 W/K. The shutdown 
ra t io  w a s  c a l c u l a t e d  t o  b e  384. 
s e t u p ,  a s  w e l l  as tes t  procedures  t o  expe r imen ta l ly  de te rmine  
forward and reverse-mode behavior  of t h e  h e a t  p ipe  diode a r e  
desc r ibed .  
developed. 

The s t a t e - o f - t h e - a r t  of heat  p ipe  technology,  

A s  a r e s u l t  of t h e  e v a l u a t i o n  and 1 

, 

Ins t rumen ta t ion  and t e s t  

A d e t a i l e d  manufactur ing and assembly plan w a s  

(ALUMINUM, AMMONIA, TEMPERA'I'URE CONTROL, THERMAL D I O D E )  

HP78 40008 SOME PROBLEMS O F  DEVELOPING AND INVESTIGATING 
HEAT PIPES 

Kazakov, E.A., Kodyukov, V . M . ,  M a z i l i n ,  I . M . ,  Chechurov, 
V.A., Radia t s .  Tekh., V 8:62-73, 1 9 7 2 ,  In  Russian 

are s t u d i e d .  The h e a t  tube des ign  i s  given.  Depending on 
t h e  working tempera ture ,  t h e  t u b e s  are subdivided i n t o  l o w ,  
medium, and high-temperature  ones.  The calculat ion of  t h e  
x~=xizxc power t r a n s f e r r a d  is gfveii. S u c h  q u e s t i o n s  as  t h e  
choice  of  a c a p i l l a r  s t ruc ture  des ign  and a c o o l a n t , t h c  
h e a t  tube  o p e r a t i o n ,  and t h e i r  f i e l d s  of  a p p l i c a t i o n  a re  
cons idered .  

H e a t  t ubes  f o r  h e a t  t r a n s f e r  wi thout  a tempera ture  drop 

(CAPILLARY FLOW, NOMQGRAPHS , NULWRICAL S O L U T I O N ,  WORKING 
F L U I D )  

HP78 40009 HEAT PIPE  CONTA1,NING A BODY PARTIALLY FILLED 
WITH A L I Q U I D  HEAT-TRANSFER AGENT AND WITH A 
PINCHED CHARGING TUBE 

Solodovnikov, Y.F., Frol ikov,  L.D., B ru tyan ,  V . G . ,  USSR, 
1 9  77 

N o  a b s t r a c t  a v a i l a b l e  

2 2  



41005/42001 

IV. B. WICKS 

HP78 4 1 0 0 4  CAPILLARY STRUCTURE FOR H E A T I N G  TUBES 

Rohner, P. ,  Sch ie fe rdecke r ,  F . D . ,  Germany, 1977, 9 p. 
N o  a b s t r a c t  a v a i l a b l e  

. 
HP78 41005 PERFORMANCE OF AN EVAPORATIVE HEAT TRANSFER WICK 

S a a s k i ,  E.W., F r a n k l i n ,  J.L., (Sigma R e s . ,  I n c . ,  Richland,  
WA), Chem. Eng. Prog.,  V 73:47-77, N7, 4 refs, J u l y ,  1977 

f o r  h e a t  and mass t r a n s f e r ,  f i n d s  a p p l i c a t i o n  i n  numerous 
i n d u s t r i a l  p rocesses .  The i n v e s t i g a t i o n s  d i s c u s s e d  h e r e  
w e r e  p r i m a r i l y  o r i e n t e d  toward improving e v a p o r a t i v e  h e a t  
t r a n s f e r  i n  h e a t  p i p e s ,  a l thcugh t h i s  evapora t ive  technique  
is  a p p l i c a b l e  t o  many o the r  systems as  w e l l .  Two t echn iques  
now used f o r  f l u i d  d i s t r i b u t i o n  involve  e i t h e r  a f e l t - m e t a l  
o r  a wi re -c l c th  wick. Each i s  e s s e n t i a l l y  a f ine-pored 
metal c a p i l l a r y  m a t e r i a l  t h a t  i s  t i g h t l y  h e l d  a g a i n s t  t h e  
w a l l .  A t h e o r e t i c a l  a n a l y s i s  o f  i n v e r t e d  meniscus o p e r a t i o n  
is  fol lowed by a d e s c r i p t i o n  o f  an exper imenta l  t e s t ,  i n  
which t h e  performance of  t h e  i n v e r t e d  meniscus s u r f a c e  i n  an 
e v a p o r a t o r  w a s  s t u d i e d .  Resu l t s  are p r e s e n t e d ,  which show 
t h a t  t h e  inverted meniscus e v a p o r a t o r  pe rmi t s  marked 
increases i n  r a d i a l  h e a t  t r a n s f e r  c a p a c i t y .  

Thin-f i lm evapora t ion ,  a p a r t i c u l a r l y  e f f e c t i v e  method 

(MENISCUS W I C K ,  RADIAL HEAT TRANSFER) 

I V .  C .  MATERIALS 

HP78 4 2 0 0 1  EFFECT Or" THE DIAMETER AND LENGTH OF FIBERS ON 
CARCASS HEAT CONDUCTIVITY O F  METAL FIBER WICKS 
OF HEAT PIPES 

Semena, M.G., Zaripov,  V.K., (Kiev Poly tech  I n s t . ,  Ukr S S R ) ,  
Tep loene rge t ika ,  p. 82-84, N 4 ,  1 4  r e f s ,  A p r i l  1 9 7 7 ,  I n  
Russian 

R e s u l t s  o f  i n v e s t i g a t i o n s  r ega rd ing  t h e  e f f e c t  o f  t h e  
diameter and l e n g t h  o f  s i n t e r e d  copper f i b e r s  on carcass 
h e a t  c o n d u c t i v i t y  of  h e a t  p ipe  wicks are p resen ted .  The 
d i ame te r  of t h e  d i s c r e t e  mono-dispersed f i b e r s  w a s  2 0 ,  4 0 ,  
and  70 pm, and t h e  l e n g t h  was t h r e e  and 1 0  mm. The 
t empera tu re  range w a s  16-35 C .  Formulas are proposed f o r  
the c a l c u l a t i o n  of  t h e  c a r c a s s  and e f f e c t i v e  h e a t  
c o n d u c t i v i t y  o f  m e t a l l i c  f i b e r  w i c k s  of  h e a t  p ipes .  

(EQUATIONS , PARAMETRIC STUDY) 
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V ,  TESTING AND OPERATION 

HP78 50006 EXPERIMENTAL INVESTIGATIONS ON SODIUM-FILLED 
HEAT PIPES 

Dornes, S., R e i s s ,  F . ,  Schretzmann, K . ,  (NASA, Washington, 
D.C.) , NASA-TM-75144, Kerforschungzentrum, Karlsruhe, W .  
Germany, Rept. no. KFK-512, p.  1-21 ,  J an .  1 9 6 7 ,  T r a n s l .  i n t o  
Eng l i sh  from Exper imente l le  Untersuchungen an N a t r i u m -  
G e f u e l l t e n  H e a t  P ipes ,  Kar l s ruhe ,  W .  Germany, NASW-2791, 
N78-12 362 

e s p e c i a l l y  t h e  n e c e s s a r y  c a p i l l a r y  s t r u c t u r e s ,  are d i s c u s s e d .  
S e v e r a l  t y p e s  of  h e a t  p ipes  w e r e  made from s t a i n l e s s  steel 
and t e s t e d  a t  tempera tures  between 4 0 0  and 1055 D.  The 
thermal  power w a s  determined by a c a l o r i m e t e r .  R e s u l t s  
i n d i c a t e  bubble- f ree  evapora t ion  o f  sodium from r e c t a n g u l a r  
open channe l s  i s  p o s s i b l e  w i t h  a h e a t  f l u x  of  more t h a n  
1,940 W/cm2 a t  1055 C. The t empera tu re  drop a long  t h e  tube  
c o u l d  be measured o n l y  a t  low t empera tu res .  
h e a t  p i p e  w o r k d  a g a i n s t  t h e  g r a v i t a t i o n a l  f i e l d .  
p i p e  wi th  a c a p i l l a r y  s t r u c t u r e  made of a r o l l e d  sc reen  w a s  
suppor ted  by r i n g s  and bars  o p e r a t e d  a t  250 W/cm2 h e a t  f l u x  

. m .- 
The p o s s i b i l i t i e s  of producing  h e a t  p i p e s ,  and 

A subdiv ided  
A h e a t  

-.- i n  t h e  e v a p o r a t i n g  region. 

(CAPILLARY TUBES, HEAT TRANSFER, STAINLESS STEEL, TESTING) 

. HP78 50007 PERFORMANCE INVESTIGATIONS OF LIQUID-METAL HEAT 
PIPES F O R  SPACE AND TERRESTRIAL APPLICATIONS 

K e m m e ,  J.E., Keddy, E.S., P h i l l i p s ,  J . R . ,  (Univ. o f  

A l a m o s ,  NM) 
Ava i l  : TAC 

The h igh  h e a t  t r a n s f e r  c a p a c i t y  o f  l i qu id -me ta l  heat  
p i p e s  i s  demonstrated i n  performance t e s t s  wi th  m e r c u r y ,  
po tass ium,  sodium, and l i t h i u m  working f l u i d s  and wick 
s t r u c t u r e s  which serve t o  m i n i m i z e  l i q u i d  p r e s s u r e  losses 
and vapor - l iqu id  i n t e r a c t i o n s .  Appropr ia te  wicks f o r  
h o r i z o n t a l  and v e r t i c a l  o p e r a t i o n  a r e  desc r ibed .  I t  i s  
shown t h a t  h e a t - t r a n s f e r  wi th  t h e s e  wicks i s  l i m i t e d  by 
vapor-flow e f f e c t s .  Examples are g iven  of  p a r t i c u l a r  
e f f e c t s  a s s o c i a t e d  wi th  a l ong  a d i a b a t i c  s e c t i o n  between 
e v a p o r a t o r  and condenser ,  and w i t h  a h e a t  source  of  uniform 
t empera tu re  as opposed t o  a sou rce  of uniform power. 

( L I T H I U M ,  itlERCURY, POTASSIUM, SODIUM, WICKS, WORKING FLUID) 

* * -  Californisi EerkelCI-~ ~~ ~, CA!, !LSS Alazcs Szie ,?t i f ic  Lab., T - -  UU3 
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HP78 50008 ANALYSIS OF HEAT PIPE PERFORMANCE USING INFRARED 
. THERMOGRAPHY 

Rober t s ,  C . C . J r . ,  ( B e l l  Lab., N a p e r v i l l e ,  I L ) ,  Proc. of t h e  
Bienn I n f r a r e d  I n f .  Exch., 3 r d ,  S t .  Louis ,  MO, p.  127-135, 
Aug. 24-26 ,  1 9 7 6 ,  P u b l .  by AGA Corp.,  Secaucus,  N J ,  1 9 7 7  

A h e a t  p ipe  i s  a high thermal  conductance s t r u c t u r e ,  
u t i l i z i n g  v a p o r i z a t i o n  and condensa t ion  o f  a working f l u i d  
t o  o b t a i n  e f f i c i e n t  h e a t  t r a n s f e r .  There is c o n s i d e r a b l e  
expe r imen ta l  r e s e a r c h  being performed i n  h e a t  p ipe  f i e l d s  
due t o  many promising a p p l i c a t i o n s .  Analyzing h e a t  p ipe  
performance o f t e n  r e q u i r e s  s u r f a c e  tempera ture  measurements 
t o  v e r i f y  i t s  thermal  conductance c a p a b i l i t y .  The 
a p p l i c a t i o n  of i n f r a r e d  thermography i s  e s p e c i a l l y  u s e f u l ,  
s i n c e  it i s  a non-contact  temperature-measurement t echn ique ,  
and y i e l d s  a v a s t  amount of tempera ture  informat ion  on a 
d e v i c e  whose o p e r a t i n g  c h a r a c t e r i s t i c s  a r e  r e l a t i v e l y  
unknown. Th i s  paper  d e s c r i b e s  v a r i o u s  methods of  u t i l i z i n g  
i n f r a r e d  thermography t o  o b t a i n  h e a t  p i p e  performance d a t a .  
Methodology concern ing  hea t  p i p e  evapora t ion  e f f i c i e n c y ,  
h e a t  p i p e  noncondensable gas g e n e r a t i o n ,  performance 
a n a l y s i s  i n  a g r a v i t a t i o n a l  environment ,  and a n a l y s i s  of a 
v a r i a b l e  conductance h e a t  p i p e  i s  p resen ted .  

(EXPERIMENTAL ANALYSIS, TEMPERATURE MEASUREMENT, THERMAL 
CONDUCTANCE, VARIABLE CONDUCTANCE) 

HP78 50009 STEADY AND START-UP CHARACTERISTICS OF A HEAT 
PIPE WITH WICXLESS TANK 

Semena, M.G.,  Ba tu rk in ,  V.M., Rassamakin, B.M., ( K i e v s k i i  

F i z i c h e s k i i  Zhurnal,  V 33:381-387, Sept .  1 9 7 7 ,  I n  Russian,  
A78-18994 

c h a r a c t e r i s t i c s  of a n i t r o g e n  g a s - c o n t r o l l e d  h e a t  p ipe  wi th  
w i c k l e s s  e x t e r n a l  tank i s  r e p o r t e d .  Experiments were 
conducted i n  t h e  range o f  t r a n s m i t t e d  heat  f l u x e s  30-12OOW 
and c o o l i n g  tempera ture  range 10-65  C ,  and t h r e e  tempera ture  
l e v e l s  determined by t h e  mass of t h e  noncondensing gas .  The 
working f l u i d  w a s  w a t e r .  The minimum load  a t  which t h e  h e a t  
p i p e  works i n  t h e  c o n t r o l  r eg ion  w a s  i n  t h e  range 30-120 W ,  
and depended on t h e  des ign  o f  t h e  t r a n s p o r t  r eg ion  and 
c o o l i n g  c o n d i t i o n s .  A system of  des ign  e q u a t i o n s  f o r  a h e a t  
p i p e  of t h i s  t ype  w a s  de r ived  on t h e  b a s i s  of a model of  a 
p l a n e  vapor-gas f r o n t .  

n-1 :&nbL-4-Ln-L; 4 TncC;C**+  U ; a T +  T T l r v - ; n ;  =n C C D I  tnnhanarnn- 
rL "*I b b , . A & A A A b A & G S , . A &  A1. I  C I  c u c  , ..A- 1 , "I... --*.&-. YYI.'  , &..-..-..-..I.- 

An exper imenta l  s tudy o f  t h e  t r a n s i e n t  and s t e a d y - s t a t e  

(DESIGN EQUATIONS, NITROGEN, WATER) 
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HP78 50010 ACCELERATED LIFE TESTS OF SPECIMEN HEAT PIPE FROM 
COMMUNICATION TECHNOLOGY SATELLITE (CTS) PROJECT 

T o w e r ,  L.K., Kaufman, W.B., 
NASA-TM-73846, D e c .  1977, E-9433 
A v a i l  :TAC 

(NASA, L e w i s ,  Cleve land ,  OH) , 

A gas-loaded var iable-conductance h e a t  p i p e  of s t a i n l e s s  
steel  w i t h  methanol working f l u i d ,  i d e n t i c a l  t o  one now on 
t h e  CTS sa t e l l i t e ,  w a s  l i f e  t e s t e d  i n  t h e  l a b o r a t o r y  a t  
accelerated cond i t ions  f o r  14,200 hour s ,  equiva len t  t o  about  
70 ,000  hours  a t  f l i g h t  cond i t ions .  The noncondensible  gas 
i n v e n t o r y  i n c r e a s e d  about  20  p e r c e n t  over t h e  o r i g i n a l  
charge .  
o p e r a t i n g  tempera ture  by about  2 . 2  C ,  i n s u f f i c i e n t  t o  harm 
t h e  e lec t ronic  gear cooled by t h e  h e a t  p i p e s  i n  t h e  
sa te l l i t e .  T e s t s  of m a x i m u m  h e a t  i n p u t  a g a i n s t  e v a p o r a t o r  
elevation agree well w i t h  t h e  manufac tu re r ' s  p r e d i c t i o n s .  

The observed  gas increase i s  estimated t o  increase 

(CORROSION, CTS SATELLITE, METHANOL, STAINLESS STEEL, THERMAL 
C ONT 20 L ) 

HP78 5 0 0 1 1  PARAMETRIC PERFORMANCE OF A SPIRAL-ARTERY, L I Q U I D  
LIQUID-TRAP DIODE HEAT PIPE 

W i l l i a m s ,  R . J . ,  (NASA, Ames R e s .  Center ,  Moffett F i e l d ,  C A I ,  
NASA-TM-78448 
A v a i l  : TAC 

inves t iga t ions  t o  determine t h e  effect  o f  various f l u i d '  
c h a r g e s  on t h e  performance of a 0.6 35 cm-diameter, s p i r a l -  
ar tery,  liquid-trap diode i n  hcth t h e  for;zrd and reverse 
modes. S p e c i f i c  parameters, such as forward and reverse-mode 
conductances, shutdown times and e n e r g i e s ,  and recovery t o  
forward-mode o p e r a t i o n  are e v a l u a t e d  f o r  e thane  as a working 
f l u i d  i n  t h e  tempera ture  range 170 K t o  220  K .  

T h i s  r e p o r t  d e s c r i b e s  a series o f  pa rame t r i c  

(CRYOGENIC, ETHANE, FORWARD MODE, RECOVERY, REVERSE MODE, 
SHUTDOWN) 

HP78 50012 EFFECT O F  PRESSURE O F  THE INTERMEDIATE HEAT 
CARRIER ON CRITICAL HEAT FLUXES I N  EVAPORATIVE 
THERMOS IPHONS 

Bezrodnyi ,  M.K. ,  Alekseenko, D.V. , 
Ukr SSR), I z v .  Vyssh. Uchebn Zaved Energ.,  p. 80-84, N 4 ,  9 
refs, A p r i l  1977, I n  Russian 

h e a t  f l u x e s  i n  closed two-phase thermosiphons,  depending on 
geometric dimensions of t h e  h e a t  supply sec t ion  and t h e  
p r e s s u r e  of  t h e  in t e rmed ia t e  h e a t  ca r r i e r  (F-11, F-12, F-113, 
and me thano l ) ,  are  presented .  The i n v e s t i g a t i o n s  are 
c a r r i e d  o u t  w i t h i n  t h e  rafige of p r e s s u r e s  from t h e  
a tmosphe r i c  t o  0 . 8  Per. 

(Kiev Polytech.  I n s t . ,  

R e s u l t s  of an  exper imenta l  i n v e s t i g a t i o n  o f  c r i t i c a l  

As a r e s u l t  of g e n e r a l i z a t i o n  of 
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expe r imen ta l  d a t a ,  it is found t h a t  t h e  c h a r a c t e r  o f  
dependence o f  t h e  c r i t i ca l  h e a t  f l u x e s  on t h e  reduced h e a t  
p r e s s u r e  P/Pc f o r  t h e  l i q u i d s  cons ide red  i s  i d e n t i c a l  and 
d i f f e r s  b u t  s k g h t l y  f r o m  t h e  a p p r o p r i a t e  r e l a t i o n  f o r  t h e  
b o i l i n g  o f  l i q u i d s  under large-volume c o n d i t i o n s .  

(CRITICAL HEAT-FLUX, HEAT TRANSFER) 

HP78 50013 HEAT TRANSFER I N  A CENTRIFUGAL HEAT PIPE 

Kukharsk i i ,  M.P., Krivosheev, B.N.,  Kosheleva,  G.V. ,  
I nzhene rno-F iz i chesk i i  Shurna l ,  V 33:388-392, Sept .  1977, 
I n  Russian,  A78-18995 

on h e a t  t r a n s f e r  i n  a c y l i n d r i c a l  c e n t r i f u g a l  h e a t  p i p e  w a s  
s t u d i e d  on a c a l o r i m e t r i c  t e s t  s e t u p  wi th  convec t ive  h e a t  
f e e d i n g  and removal. 
d i ame te r  w a s  t e s t e d  a t  a r o t a t i o n  frequency of 96  r e v / s e c ,  a 
mean condensa te  l a y e r  t h i c k n e s s  of 0 .3  mm, and t h e r  a i  f l u x  

w a s  found t h a t  as t h e  thermal f l u x  d e n s i t y  and p r e s s u r e  
i n c r e a s e d ,  t h e  r a t e  o f  hea t  t r a n s f e r  i nc reased .  
formula w a s  ob ta ined  f o r  t h e  h e a t  t r a n s f e r  c o e f f i c i e n t  i n  
the  h e a t  t r a n s f e r  zone as a f u n c t i o n  of t h e  parameters  
s t u d i e d .  

The e f f e c t  of thermal  f l u x  d e n s i t y  and vapor p r e s s u r e  

A copper h e a t  p ipe  of  2.8-cm i n n e r  

d e n s i t y  i n  t h e  h e a t  t r a n s f e r  s e c t i o n s  of  20-80 KW/m Y . I t  

An e m p i r i c a l  

(CALORIMETRIC TEST, CONVECTION, FLUX DENSITY, VAPOR PRESSURE) 

HP78 50014 STUDY OF A HIGH-PERFORMANCE EVAPORATIVE HEAT 
TRANSFER SURFACE, F i n a l  Report  

S a a s k i ,  E.W., Hamasaki, R.H., (Sigma Research, 1nc . t  Richland,  

An e v a p o r a t i v e  s u r f a c e  i s  d e s c r i b e d  f o r  h e a t  p i p e s  and 
o t h e r  two-phase h e a t  t r a n s f e r  a p p l i c a t i o n s  t h a t  c o n s i s t s  of 
a hybr id  composition of V-grooves and c a p i l l a r y  wicking. 
C h a r a c t e r i s t i c s  of t h e  s u r f a c e  i n c l u d e  both a h igh  hea t -  
t r a n s f e r  c o e f f i c i e n t  and high h e a t - f l u x  c a p a b i l i t y  r e l a t i v e  
t o  conven t iona l  open-faced s c r e w  t h r e a d  s u r f a c e s .  
groove d e n s i t y  of 1 2 . 6  c m / l  and ammonia working f l u i d ,  h e a t  
t r a n s f e r  c o e f f i c i e n t s  i n  t h e  range of  1 t o  2 W/cm2 have been 
m e a s u r e 9  a long  w i t h  maximum h e a t - f l u x  d e n s i t i e s  i n  excess of  
2 0  W/cm . A peak h e a t - t r a n s f e r  c o e f f i c i e n t  i n  excess of  2.3 
W/cm2 w a s  measured wi th  a 37.8 c m / l  hybr id  s u r f a c e .  

WA), NASA-CR-152008, '82 p . ,  1 9 7 7 ,  N A S 2 - 9 1 2 0 ,  N78-10411/4SL 

With a 

(AMMONIA, CONVECTIVE, EVAPORATIVE, FILM) 
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HP78 50015 CRISIS OF HEAT AND MASS TRANSFER I N  CLOSED-LOOP 
TWO-PHASE THERMOSIPHONS EMPLOYED I N  COOLING 
METALLURGICAL FURNACES 

Bezrodnyy, M.K., Koloskova, N . Y . ,  (Kiev Poly tech  I n s t . ,  Ukr. 
SSR), H e a t  T r a n s f e r  Sov. Res., V 8:99-103, N4, 4 refs, Ju ly -  
Aug. 1976 - 

Experimental  r e s u l t s  on t h e  h e a t  t r a n s f e r  c a p a c i t y  of 
annular and c i r c u l a r  thermosiphons w i t h  a d u c t  f o r  r e t u r n i n g  
the condensa te  t o  t h e  heated zone are p resen ted .  
that the d u c t  improves s i g n i f i c a n t l y  t h e  h e a t - t r a n s f e r  
c a p a c i t y  o f  t h e  thermosiphon. 
w i c k l e s s  h e a t  p i p e s  (thermosiphons) was determined f o r  b l a s t  
f u r n a c e s ,  as  w e l l  as for open-hearth fu rnaces .  

(ARTERY WICK, FURNACE, HEAT TRANSFER) 

It  i s  found 

The e f f i c i e n c y  o f  c o o l i n g  by 
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AVSFERV RE-ENTRY HEA/ R A O I A Y T  H E A T I N G ,  L E A D I N G  E'3GEt H E 4 T  TR _ _  
r n r C  , . C ,  - -- . . I ^ - - -  

E ~ U E P  n c a  I I K L \ I Y ~ ~ C K ~  RE-EiqTRi n E A i i i G r  S P A C E  SHUTTLE*  i t M r t R  
VERT GAS/  E X P E R I M E N T - P A C K A G E ,  4 E R M E S - S A T E L L I  TE 9 H E A T - P I P E 9  '1 
Q t  R E P O R T ,  AMMONI 4,  C O N V E C T I /  H I G H - P E R F O R M A N C E t  H € 4 T - T R 4 * ' J S F E  
' ? D U E T I O N  I V I E R M E D I A T E - F d E L S t  i I G H - T E H P E R A T U R E  REACTORS, C A E  
9 L I  O U I 3 - T R A P t  O I O g E t  ETHANE, H P E ? t  S E C J V E R Y J  / k T E E P E R A T U R E  

E Q U /  H E A T - q E C O V E R Y 9  D E V I C E S 9  t i V A C 9  A P P L I C A T I O N S ,  ECONOYICS,  
L A M I N A T E D  R O T J R I  T E S T  I N G I  PE/ INOUCTlON- !4OTOR,  F A N  D R I V E ,  UN 

Y E Q Y E S - S A T E L L I T E *  H E A T - P I P E 9  I N E R T  GASES, M E T H A N O L t  S T A I N L E  
Y E N T A L  A N A L Y S I S ,  T /  A N A L Y S I S 9  I N F R A R E D ,  THERMOGRAPYY, E X P E R I  

R A T U R E  R E A C T J R S p /  PROOUCTIO?J9 I N T E R M E D I A T E - F U E L S ,  H I S H - T E M P E  
SN, H E A T  REMOVAL9 O P T I C A L  AN/ I N T E R N A L  CUSP, P E R E C T O R r  3 E S I  
4 P I L L A R Y  JET-PUMP,  G a A V I T Y ,  / JET PUHP, A R T E R I A L 9  AMMONIA, C 

ARTER1AL.t  AO44HONIA, C A P I L L A R Y  J E T - P U Y P 9  G R A V I T Y ,  P 9 I Y I P i S .  VE 

TRANSFER,  T H E R /  HEAT C A R R I E R ,  INHOMOGENEOUS-CAP I L L 4 R Y  H E 4 T  

F U S I O N /  CHEH I CAL-E;JGI N E E R I N S ?  LARGE-SCALE9 B O I L  E A S t  HEAT-CF- 
SER,  C E S I U M  VAPORt  P U L S E 3 - O Y E  L A S E R 9  T U N I N G  RANGE# / I \ rABLE- tA  

NON-CONOENSABLE-G4S BOUND4RY L 4 Y E R r  CONCENTRAT I O N  G R A O I E Y T t  
Q O Y I C - H A R D W A 3 E t  Y E A T  REMCVALV L C C t  L O A D - C E N T E R  CONVERTER, PO 
E-E'JTRY q E A /  R A D I A N T  H E A T I N G 9  L E A D I N G  E O G E t  H E A T  T ? A Y S S F f ? t  9 
t C ~ Y N U Y I C ~ T I O N I  GAS-CGNTROLV L I F E  T E S T 9  MANUFACTURE9 MODE* 

C22 03 7 
(222027 
13230L2 
031014 
030010 
050014 
0500Sb 
G303l.2 
041005 
050012 
041005 
031009 
031009 
022031 
031 OO? 
022035 
021007 
031010 
023G10 
021008 
024001 ' 1 
022032 
f23013 
022028 
022034 I 
021*002 ~ 

050015 I 

050013 
031010 
031013 
022033 
021008 
023012 
023012 ' 

023010 
031013 
02lCO8 . 
02301 7 
022028 
02400 I 
023010 
050008 
030012 
321008 
022030 
040006 
040006 
021007 
0200r)2 
030010 . 

024003 
023012 
323014 
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5 S 4 T E L L i T E t  !4ETd4NOL,  S T A I N /  L I F E  T E S T S t  C T S ,  CORRL3SI3iV, CT 
f L A L Y A T I 3 h r  GAS G E N E S A T I 3 N e l  L I F E - T E S T S ,  AL'JMINUt'4, 4:4HONIA, 

F;!DS, ENERGY-STORPSE,  S C D I U M ,  L I F E - T E S T S ,  aICiCS# / q I 4 L ,  FLU0 
T - P I P E ,  GEOMETRY, H E 4 T  S I Y K S t  L I H I T P T I L j N S ~  O S M O T I C  P U M P I N S #  
V 5 R Y v  R E V E R S E  MODE9 SHUTDOhYt L I Q U I D  TFiAPtA /RW4RD 'l03Et 7 E C O  
4 L t  L I T H I U M ,  MERCURY, P O T A S S /  L i Q U I D - M E T A L ,  SPACE, T E R R E S T R I  
L L Y  -GROOVED, LOW-TEMPEF A T U R E ?  L I O U I D - T R A P  t D i C D E ,  E 7-1 ANE 9 4 P  

A G E N T t  L I Q U I 3 r  C H A R G I N G  T'J8E3 
I 0 - 4 E T A L t  SPACE, T E R R E S T R I A L t  L I T H I U M ,  MERCURY9 P O T A S S I U M *  S 

. - q A R O W 4 R E t  H E 4 T  9 E Y O V 4 L t  LCC, L O A D - C E N T E R  CONVERT€?, POdER P 
N L E S S - S T E E t t  A X I A L L Y - G R 0 3 V E C l t  L O k - T E H P E R A T U R E  I LIQUI!l-TRAP, 
:.IS* E Q U A T I O N S  t H E A T  T 2 A N S F E R t  L C W - T E M P E 3 A T U R E t  R E V I E d d  /13XI 
DUCT I G V  COOLED, S C L I O  S T A f E t /  H A G N E T I C  BUBBLE, R E C 3 R O E R t  CON 
9UCT I C N  COOLED, P /  P A C K A G I N G 9  ? 4 4 C N E T I C ~ B U B B L  E, R E C 3 R D E R r  CON 
T I C N t  2 4 s - C O N T R C L t  L I F E  T E S T ?  MANUFACTURE, M O D S t  TEST Y / h I C A  
V E  3 G f L I l \ r G ,  P g O L  E C I L I N G  ENS. .\tATERe DES.# /ANGERS, C J N V E C T I  
? 4 G z ,  S 0 C ) I U H t  L I F E - T E S T S ,  W I /  M ~ T E R I A L I  F L U O R I D E t  E N E R G Y - S T 3  
PqCCESSES 9 C I U S T I C  E N V I R S . V H E /  MATER1 ALS,  C C A L - G A S I F  ICATTI C;4t 

~ P P L I C A T I O N S I  HEAT r R A N S F E t 9  d A T E R I A L S t  P.EVIEW, W3RKiNG F L U  
. : J V D U C T I O N  COOLED9 P O C Y H E R I C  , N A T E R I A L S v  S O L I D  S T A T E 4  / R D E i t r  

I Y E V T 4 L  P N A L Y S I S t  TEMPERATURE N E I S U R E A E N T t  T H E R M A L  CONOUCTAN 
..- fR'4Af.rCE, HEAT TRANSFER,  d I C l ( r  M E N I S C U S  d I C K ?  a A O I A L  d E A T  T?4 

9 C S I T I C A L I T Y ,  F i l E L  E L E M E N T S ,  H f 9 C U R Y  H E 4 T - P I P E . ' f  /PORT( 1977 
S P I C E ,  T E R R E S T R I A L S  L I T H I U M t  MERCURY, P O T A S S I U M ,  S C I ~ I U H I  Ul 
P A R A M E T R I C /  CARCASS, F I B E R S  t M E T A L  F I B E R ,  N I C K S ,  E Q U A T I ~ V S I  

t h E A T W T 2 A N S F E R  9 A R T E A Y  W I C K  9 M E T A L l U R I G l C A l  F U R N A C E S 4  / N A C E  
T S ,  C E R R O S I O N ,  CTS S A T E L L I T E t  Y E T H A N C L t  S T A I N C F S S  S T E E L ,  T H E  
L I T E ,  H E 4 T - P S P E ,  I U E R T  G4SES9 YETHANCL* S T A I N L E S S  S T E E L ,  VAR 
I C A L  R E G I O % ,  W I C K L E S S ,  F R E O N t  YETHYL kLC0HOL.t W A T E 3 r  ' n O R K I h G  

R A A 3 0  Y O O E p  R E C G V E R Y t  R E V E R S E  MODE, SHUTOOWNt L i Q U I D  T R A P #  I 
r o n ~  t - c c  0 - - -  
I ~ U L T  L A ~ C  1 ~ 3 1 1  SAhJFACTURE,  MODEI T E S T #  / N I C A T I O Y t  GAS-CON 
K L E S S  T 4 U K t  DESIGN E Q U A T I O N S ,  N I T R O G E N ?  H A T E R 9  / R I S T I C S t  W I C  
t / PROBLEMS,  C A P I L L A R Y  FtOdc NONOGRAPHSI NUMERICAL SOLUTION 
4 Y E /  IE4T TRANSFER 9 R O T L T I N ;  NCN-CONDENSABLE-GAS aC'JNDARY L 
Y 1977, C I T A T I O N S *  NTISI  3 V E R V I E k  9 T H E R 3 0 3 Y F I A M I S S  

CU?.SENT D E N S I T Y ,  E F F I C I E N C Y ,  N U C L E A R  R E A C T O G #  / CDNVERSIONI 

O C L E D ,  SGLID S T A T E ,  PDLYYERIC YATERIALS~C / R D E F .  c a x o u c i m h  c 

E t  C R Y O Z E N I C ,  ETHANEt FORWAGO HOOEt R E C 3 V E R Y t  R € V E Z S E  A . 3 0 E t  

hl/ P O f A S S I U Y I  HEAT-EXCHANGE3 VUCLEAR SYSTEMS, REACTOR C G O L I  
C A P I L L A R Y  FLON, NOMOGRAPHS, N U M E R I C A L  SOLUTION, d O 2 K I N G  FL 

*OF N O T  I N D E X E D  
L E t T O R t  DESXGNI HEAT SENOVAL9 O P T I C A L  A N A L Y S I S .  3 P T X C A l  E F F I  
A T  q E " r 3 V h L I  J P T I C A L  A N A L Y S I S ,  O P T I C A L  E F F I C I E N C Y #  / E S  IGYr HE 
T R Y ,  H E A T  S I N K S t  L I M I T ~ T I O N S I  OSHOTXC P U M P I N G #  / - P I P E  t SEOME 
E A T  S I N K S 9  L I H I T A T I O N S f  OSMC/ O S I Y O T I C - H E A T - P I P E ~  GECHETRY, H 
T I O U S ,  E F F I C I E N C Y ,  FREQUENCY, OUTPUT POWER, RESPONSE# V A R I A B  

C A V I  T A T  I ON t C 4 V  I T 4 T  I O N  f LOW v OV E RV I EM 9 S T 4 8  I L ITY # 
19779 C I T 4 T I O N S I  V T I  S I  O V E R V I E W *  T H E R H O O Y N A H I C S t  

C O R 3 E 9 v  CONDUCT I O N  CCOLED. P /  PACKAGING,  MAGNET IC-aUEaLE, ? E  
E T A L  f I 9 E R t  MJICK.5, E Q U A T I C N S ?  P A R A M E T R I C  S T U D Y 4  1 ,  F I B E R S ,  H 

U N L A H I N A T E O  R E T O R ,  T E S T I N S ,  P E R F O R q A l J C E  C O M P U T A T I O N S ,  3OTA 
C y , ,  M E N t S C U S  W I C K 9  R 4 0 1 4 L  H E /  PERFCRMANCE, H E 4 T  TRAASFER,  * I  

O I S T C R T I O N S q  E f f  I C I E N C Y *  FJ./ P E R F O R H A N C E I  T Z A N S M I T T E R I  CTS, 

'2 s 2 0 1-3 
!?23015 
U20023 
33CrlLL 
950011 
OS0007 
023017 
040009 
050007 
024003 
023017 
022037 
024004 
023 01 1 
023014 
022025 
320003 
022036 
022 02 7 
023011 
324004 
C5000R 
041005 
022032 
050007 
042 001 
350015 
0500 10 
923010 
0400C5 
os0011 
050011 
023 0 14 
050009 
040008 
030010 
013008 
d23015 
022031 
043008 

022030 
022030 
33001 1 
030011 
023018 
020006 
010008 . 
02301 L 
042001 . 
024001 
041005 . ' 
323013 
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T 3 f  AGE, CH4YZINGr E X T R A C T I 3 U v  t'E9FORMPNCEd / R E P A R E 3  EARTH,  S 
E. FINFdEg AlJMI IUJH i t A D I d T O E S ,  P I L E - S J P P I R T  S E T T L E M Z Y T d  / i L I U  
~ ~ N S F G 2 Y E R ,  H E A T  E N G I N E ,  H E A T  P I P E  CHAMBER, S O L A R  R A 3 I A T I C N r f  
R A N S F O R Y E R t  HEAT E ' J G I N E ,  H E A T  P I P E  C H A M 8 E R r  SOLAR I A 3 I A T I 3 N P  
F E X P E P T I S E ,  SUPPOQT FOR H E 4 T  P I P E  TECHNOLOGY% / U R O I N A T I O ? 4  Q 
A T O R S , /  H E A T  T R A N S F E i r  A L A S K A  P I P E L I N E ,  F I I U N E D  A L U M I N U M  R A O I  

PECORDER, C O N D U C T I O N  C G O L E 3 r  P C ) l Y M E R I C  M 4 T E R 1 4 L S t  SClLI9 S T 4  
N D U C T I O V  CJOLED, SOLID S T A T E ,  P O L Y M E R I C  M A T E R I A L S 3  /ROER, CO 
C i A N G E R S ,  C O N V E C T I V E  B O I L I N G I  POOL d i l I L I N G  ENG- Y A T E q .  DES.# 
L E 4 3  SYSTEHSe R E 4 C  TOR C O 3 L I N /  ? O T A S S I U H ,  HEAT-EXCHANGER, h U C  
E R R E S T R I A L ,  L I T H I U M .  MERC;IRY, P O T A S S I U M ,  S O D I U M ,  vdfCKSr kORK 
9 L S C ,  L C 4 D - G E N T E R  CONVERTES, POWER P R O C E S S I N G #  / E A T  REYOVAL 
E F f  I C I E N C Y ,  F i l E Q U E Y C Y t  O U T P U T  POkER, R E S P O N S E ,  V A R I  A B L E  C O N 0  
H F A T  T R A N S F E S #  P R E S S U R E ,  CR IT I C A L  H E 4 1  FLUX, 
L U X E S ,  C A I T I C A L  H E A T - F L U X ,  i/ PRESSURE,  H E A T - C A R R I E R ,  H E A T  F 
I ~ V E C T I G N ,  F L J X  D E N S I T Y ,  VAPSH P Q E S S U R E d  / L O R I M E T R I C  TEST,  CO 
V V E S T I 3 Y ,  F L U X  D E N S I T Y ,  VAP'JR P R E S S U R E #  / L O R I Y E T R I C  T E S T ,  CO 

C A P I L L A R Y  JET-PUMP, G R A V I T Y ,  P R I M I U G v  VEFvTURI l f  /Lv 1 M H O N I 4 ,  
GRAPHS, N U M E R I C A L  S O L U T I O N ,  / PROBLEMS, C A P I L L 4 R Y  FLOW1 NOM0 
REACTORS 9 C H E M I C A L  HEAT-P I P E  PROCESS r f E A T l t  /GH-TEH?ERATURE 
M A T E R I A L S ,  C O A L - G A S I F I C P T I O N I  PROCESSES, C A U S T I C  E U V i R O U H E U T  

L 3 A D - C E Y T E R  CONVERTER,  ?OWER P R O C E S S I N G #  / E A T  REMOVAL,  LCC, 
9 H I G H - T E M P E R A T U R E  REACTORS, / P3CDUCT IJN, INTERME91 AT "FUELS 

T U ' J A B L E - L A S E R ,  C E S I U M  VAPO? 9 PULSED-QYE L A S E R ,  TUNIlJG RANGE 
L A R Y  JET-PUMP9 G P A V I T Y r  / J E T  PUYP, A R T E R I A L t  AMMONIA,  C A P I L  
T S I N K S ,  L I M I T A T I O N S ,  O S # O T I C  P'JMPINGY / - P I P E *  GEOMETRY9 HEA 
RANSFER,  i I C S q  M E N I S C U S  M I C A 9  A A O I A L  H E A T  T R A N S F E R #  / H E A T  T 

q E 4 T  TR4NSFEi7,  RE-ENTRY H E M  R 4 D I  ANT H E A T  ING, L E 4 0  1% G EDGE, 
I N € ,  H E A T  P I P E  CHAMBER, SOLAR Z A D I P T I O N I  / N S F O R N € R *  ' 4EAf  ENG 
I N € ,  H E A T  P I P E  CHAIYBER, S O L A R  R A D I A T i C N d  /NSFORMERr d E A T  EUG 
GNTROL 9 L I F E  TEST, H A N U F A C T U /  R A D I A T O R ,  C C M H U N I C A T X O N I  GAS-C 
VPNCED. THERMAL-CONTROL, H E A T  R A O I A T 3 R S v  H E A T  R E J E S  T I  ON# AD 
SKA P I P E L I N E ,  F I N N E D  4 L U M I N U H  R A D I P T 3 R S e  P I L E - S U P P O R T  S E T T L E  
9, C E S I J H  VAPOP, PULSED-DYE f A A H A N - S C A T T E R I N G ,  T U N A B L E - L A S E  
P O P ,  P U L S E P . 3 Y E  LASER,  T U N I N G  R I N G € #  / N A B L E - C A S E R r  C E S I J Y  V4 

L E 4 D I U G  EDGE, H E A T  T R A N S F E ? ,  I E - E N T q Y  H E A T I N G ,  SPACE SHUTTL 
T-EYCHAhGER,  NUCLEAR SYSTE,YS, REACTOR COOL I N G Y  /T4SSI 'JM* HEA 
7 7 ,  C ? I T I C A L I T Y *  F U E L  ELEdENf 3EACTGR T E C H N O L O G Y q  R E P C R T r  19 

D E N S I T Y ,  E f f l C I E N C Y ,  NUCLEAR q E A C T 3 2 L  / C G N V E R S I C N *  C U ? k E I J T  
3 1 4 T E - F U E L S .  H I G H - T E Y P E R A T U R E  REACTORS, C H E H I C A L  H E A T - P I P E *  

P A C K A G I N G ,  M A G N E T I C - B U B a L E e  9 E C O R O E Z r  C O N D U C T I O N  C J O L E D ,  P 
O L I 3  STPTE, /  M A G N E T I C  B U B B L E ,  RECGROER, CONDUCT ION C S C L E D r  S 
-DRYER, F U E L  E F F I C I E U C Y ,  HEAT ZECOVERY, A G R I C U L T U R E ,  F U E L  EC 
O C E N I C t  ETHANE,  FORWARD MOOEI RECOVERY, R E V E R S E  YOOE, SdUTDO 
COVERY, E C O N O M I C S ,  WASTE-HEAT RECOVEGYrf HEAT-RE 
I D - T R A P ,  DIODE,  ETHANE, HPE?,  3 E C O V E S Y Y  / W - T E M P E R A T W E r  L IQU 
L e  3 P T I C A L  4 N /  I U T E R N A L  C!JSPr I E F L E C T O R t  D E S I G N ,  HEAT REHOVA 
L A L C O H O L ,  WATER, W /  C R I T I C A L  ~ E G I O N I  ~ I C K L E S S I  FREON,  METHY 
CO%TRCL,  i E 4 T  R 4 0 I P T C R S ,  q E 4 T  R E J E C T I O N #  4OVAfJCE9r THERMPL-  
ER/ ELECTRONIC-HARDWARE,  H E P T  REMOVAL,  L C C  L O A C - C E N T E Z  CONV 
C J S P ,  R E F L f C T O R ,  D E S I G N ,  H E E T  ?EMOVAL, O P T I C 4 1  A N A L Y S I S ,  OPT 

Y C Y  9 FREQUEUCY, OUTP'JT PCI IERv ?ESPGNSE,  V A R I A d C f  C 3 Y J U C T I F l t E  
' R E P O R T  ' NOT INDEXE3 

0500 12 
031009 
050013 
031013 
040006  
040008 
021008 , 
022036 
024003 
021008 
023002 
040006 
030CLl 
04100S 
0230  12 
02 1009 
022026 
023014 
323013 
020004 . 
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H A N f ,  FORWARD HOOE, 7 E C 3 J E R Y 9  ? € V E R S E  YOOE,  CilUTDOlCciJ, L I 3 U I D  
4 P P L I C P T S  ChS 9 R E V  I E k ,  rHEORY 

Y S ,  HEAT TR4USFERw M A T E R I A L S ,  R E V I E W ,  WORKING F L U I D #  / I C A T I U  
AT  T R A N S F E 2 ,  LCW-TEYPERATUGE,  QEVIEr lT f  / I O N I N G r  E Q U 4 T I O N S r  HE 

aOU'JOARY L A Y  E/ HEAT' TRANSFER9 ROTATING, NON-CONDENSABLE-GAS 

Y O T ~ R T  F A N  O R I V E ,  U N L A H I N A T E D  ROTORv T E S T I N G ,  P E R F 3 H Y A N C €  C O  
F E  TESTS, CTS,  COPROSIONI  C T S  S A T E L L I T E ?  METHANCL,  S T P I N L E S S  
GMPONENT C O O L I N G ,  E L E C T R 3 N I C e  S E M I C O N D U C T O R #  / A T - R E H O V E R S I  C 
HIhJUM R A D I A T 3 R S q  P I L S - S U P P f X T  S E T T L E M E N T #  / € L I N E ,  F I N N E D  4 L U  
YCOE,  R E C 3 V E 3 Y 9  REVERSE YCOE,  SHUTDOWN, L I C I U I D  TRAP# / R k A R D  
SFER, PE-ENTRY H E A T  I N G T  SPACE S H U T T L  Et T E M P E R A T N E  CONTROL*  
T I C - H E ~ T - P I P E I  GEOMETRY, H E A T  S I N K S ,  L I M I T A T I G N S ,  O S M O T I C  PU 
9 HEAT TRANSFER,  TESTI ;VG,  ST/ S O D I U Y - F I L L E O ~  C A P I L L A R Y  T U B E S  
9L9 FLUORIOEt ENEEGY-STORAGE,  SODIUM, L I F E - T E S T S V  dCICKSiC 1 7 1  

ALE9 B O I L E R S  9 H E A T - O F F U S  I C N t  S U L P R  FURNACE,  SOLCHEM4t / G E - S C  
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